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METHODS AND APPARATUS FOR GUIDING A NEEDLE 
Technical Field 

[0001] The invention generally relates to devices and methods for guiding a needle to a 

target. More particularly, the invention can be used to guide the path of a needle along a selected 
trajectory towards a target that is located within a patient. 



Background Information 



[0002] Many medical procedures are undertaken through small tracts formed within a 

patient's tissue. Such procedures generally are referred to as "minimally invasive." In order to 
form the tract running from outside of the patient to a target within the patient, a probe typically 
is inserted in the initial stages of a procedure. This probe extends from the surface of the 
patient's skin to the target inside the patient's body. Later in the procedure, the passageway 
formed by the probe can be widened to accommodate other and larger diameter medical devices 
necessary for the procedure. 

[0003] Typically, inserting the probe is a time-consuming procedure. The probe must be 

positioned properly, typically under the guidance of an energy emitting medical device, such as 
an x-ray emitting device, and a fluoroscopy X-ray energy passes through the patient's body and 
differentially impinges on a fluoroscope receiver. In response, the fluoroscope receiver generates 
electronic signals that are transmitted to a fluoroscope display screen. Signals received by the 
fluoroscope display screen excite fluorescent material, such as calcium tungstate, to create a 
screen display of the body and probe. The probe is visualized on the fluoroscope screen as it 
enters the patient. The probe appears on the screen because it does not allow the energy to pass 
through it (i.e., it is opaque to the X-ray energy). 



Express Mail.:EL825369650US 
Attorney Docket: BSC-216 

Summary of the Invention 

[0004] The invention provides devices and methods for guiding a probe, such as a needle 

or other penetrating object, into a patient. The probes is aimed and directed along one of many 
possible trajectories towards a target. The target may be hidden from human eyesight and could 
be, for example, an internal structure within the human body. A trajectory directed towards the 
target can be selected from many possible trajectories identified and provided for by the device. 
A selected trajectory can define a point of contact and direction of contact of the probe with 
respect to the target and also can define an insertion point of the probe with respect to, for 
O example, the outer surface of a human body. The insertion point of the probe can be a location 
P along the surface of the human body from which to insert and move the probe towards the target. 
N [0005] The invention can be used with a vision enhancing device, such as an energy 

jp emitting device and a fluoroscope with its visual display, to identify the location of a target and 
' " to determine an insertion point and a traj ectory for directing the probe towards the target. The 
H device has portions that are visible to an unaided eye and/or are visible on a fluoroscope display. 
|,t These portions can be used to target the device. The invention also facilitates visual 
;g confirmation of the location and movement of the probe and/or its contact with the target while 
H the probe and/ or target may be hidden from human eyesight. 

[0006] In one aspect of the invention is a needle guiding apparatus can include a base 

defining an opening through it and a guide platform disposed adjacent to the opening that is 
rotatable about a rotation axis that extends through the opening. A common point can be located 
along the rotation axis. 

[0007] The needle guiding apparatus can include a pivot disposed at least partially within 

the guide platform. The pivot can be rotatable about a pivot axis that is substantially 
perpendicular to the rotation axis. In certain embodiments, the guide shaft can be disposed at 
least partially within the pivot. The guide shaft can extend along a longitudinal axis from a first 
end of the guide shaft to a second end of the guide shaft and the longitudinal axis can intersect 
with the rotation axis at the common point. The guide shaft can include a radiopaque material 
between the first end, and a locus along the guide shaft can be normal to the longitudinal axis at 
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the common point. The radiopaque material can extend to the locus and the locus can be located 
immediately adjacent to a material being less radiopaque than the radiopaque material. The 
embodiment described above or below can have any of the following features. 
[0008] In some embodiments, the pivot axis intersects the rotation axis at the common 

point. Certain embodiments can have a common point that is located at the second end of the 
guide shaft. Some embodiments can have a guide shaft that comprises an inner wall of the pivot 
forming a bore. Certain embodiments can have a guide shaft is disposed at least partially within 
an inner wall in the pivot forming a bore. 

[0009] In some embodiments, the guide shaft is rotatable about the rotation axis and the 

pivot axis. Certain embodiments can have an entire guide shaft between the first end and the 
locus comprising the radiopaque material. Some embodiments can have a guide rod that is 
connected to the pivot and is rotatable about the rotation axis and the pivot axis to transfer 
rotational movement to the guide shaft. Certain embodiments can have a guide rod lock is 
employed to prevent movement of the pivot. 

[0010] In some embodiments, the apparatus can include a grid disposed about the 

rotation axis. Certain embodiments can include a radiopaque point disposed proximate to the 
guide platform. Some embodiments can include a radiopaque line segment disposed proximate 
to the guide platform. 

[0011] In some embodiments, the apparatus can include a shaft connected to the base. 

The shaft extends along a shaft axis perpendicular to the rotation axis. Certain embodiments can 
include an outer rim disposed about the base where the outer rim is rotatable around the shaft 
axis. Some embodiments can also include an outer rim lock for preventing relative movement 
between the outer rim and the base. 

[0012] In another aspect, the invention is a method of guiding a needle to a target. The 

method includes the step of positioning a fluoro axis in a first fluoro position intersecting a 
target. The fluoro axis is defined by an energy emitter at a first point and an energy receiver at a 
second point. The method also includes the step of selecting a starting point on a needle guiding 
apparatus. 

[0013] The needle guiding apparatus includes a guide platform being rotatable about a 

rotation axis. The rotation axis has a common point along the rotation axis and a pivot disposed 
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at least partially within the guide platform and is rotatable about a pivot axis that is substantially 
perpendicular to the rotation axis. 

[0014] The needle guiding apparatus also includes a guide shaft disposed at least partially 

within the pivot and that extends along a longitudinal axis from a first end of the guide shaft to a 
second end of the guide shaft. The longitudinal axis intersects with the rotation axis at the 
common point. The guide shaft includes a radiopaque material between the first end and a locus 
along the guide shaft that is normal to the longitudinal axis at the common point. The 
radiopaque material extends to the locus and the locus is located immediately adjacent to a 
material being less radiopaque than the radiopaque material. The starting point is disposed 
adjacent to the rotation axis and an aiming line radiates perpendicularly from the rotation axis. 
^ [0015] The method also includes the steps of positioning the guide platform in a first 

H imaging position where the fluoro axis intersects the starting point. Next, positioning the fluoro 
q axis in a second fluoro imaging position intersecting the common point and the target and 
f jj positioning the guide platform such the aiming line substantially aligns with the starting point, 
■ and then positioning the guide shaft such that the longitudinal axis is parallel with the fluoro axis 
f|j in the second fluoro position. 

J P 016 J In some embodiments, the method includes inserting a needle through the guide 

Q shaft along the longitudinal axis. In the above embodiment, the method can further include the 

step of viewing a device for displaying a visual representation of radiopaque material between 

the energy emitter and the energy receiver. 

[0017] In some embodiments of the method, the step of positioning the guide platform 

such that the aiming line substantially aligns with the starting point occurs prior to the step of 
positioning the second fluoro position. 

Brief Description of the Drawings 

[0018] The invention, and exemplary embodiments according to the invention, are more 

particularly described in the following description, taken in conjunction with the accompanying 
drawings. In the drawings, the same and/or similar reference characters generally refer to the 
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same parts throughout the different views and embodiments. Also, the drawings are not 
necessarily to scale, emphasis instead generally being placed upon illustrating principles of the 
invention. 

[0019] Figure 1 A is a schematic end view of one exemplary arrangement of a patient, 

medical equipment, and a medical professional. 

[0020] Figure IB is a schematic top perspective view of the arrangement of Figure 1A. 

[0021] Figure 2A is a schematic top perspective view of an embodiment of a needle 

guiding device. 

[0022] Figure 2B is an exploded view of the embodiment of the needle guiding device 

shown in Figure 2A. 

[0023] Figure 2C is a schematic top view of the embodiment of the needle guiding device 

shown in Figure 2A showing a pivot axis and a guide platform with slots located along its top 
surface. 

[0024] Figure 2D is a schematic top view of the embodiment of the needle guiding device 

shown in Figure 2 A showing a top surface and a center point of a base plate. 
[0025] Figure 2E is a schematic enlarged view of a sleeve locking mechanism of the 

embodiment of the needle guiding device shown in Figure 2A. 

[0026] Figure 2F is a schematic side view of a hand grip and a shaft of a handle of the 

embodiment of the needle guiding device shown in Figure 2 A. 

[0027] Figure 2G is a schematic end view of a vertical plate of the sleeve locking 

mechanism of the embodiment of the needle guiding device shown in Figure 2A. 
[0028] Figure 2H is a schematic cross section taken generally along line AAA-AAA in 

Figure 2E of a slot of the sleeve locking mechanism of the embodiment of the needle guiding 
device shown in Figure 2A. 

[0029] Figure 21 is a schematic cross section taken generally along line AAA- AAA in 

Figure 2E of the vertical plate of the sleeve locking mechanism of the embodiment of the needle 
guiding device shown in Figure 2A. 
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[0030] Figure 2J is a schematic cross section taken generally along line AAA-AAA in 

Figure 2E of the slot and the engaged vertical plate of the sleeve locking mechanism of the 
embodiment of the needle guiding device shown in Figure 2 A. 

[0031] Figure 2K is a schematic cross section taken generally along line AAA-AAA in 
Figure 2E of the slot and the unengaged vertical plate of the sleeve locking mechanism of the 
embodiment of the needle guiding device shown in Figure 2A. 

[0032] Figure 2L is a schematic view of an outer stabilizer rim being locked into a 

position relative to the position of the base plate of the embodiment of the needle guiding device 
shown in Figure 2A. 

[0033] Figure 2M is a schematic partial top view of an alternative embodiment of a 

sleeve locking mechanism. 

[0034] Figure 3A is a schematic top view of a guide platform of the embodiment of the 

needle guiding device shown in Figure 2A. 

[0035] Figure 3B is a schematic side view of a guide shaft locking mechanism of the 

embodiment of the needle guiding device shown in Figure 2A. 

[0036] Figure 3C is a schematic view of a pivot cylinder portion and a guide shaft of the 

embodiment of the needle guiding device shown in Figure 2A. 

[0037] Figure 3D is a schematic view of a guide platform passageway and a common 

point of the embodiment shown in Figure 2 A. 

[0038] Figure 4A is a schematic top view of an imaging grid portion of the embodiment 

shown in Figure 2A. 

[0039] Figure 4B is a schematic top view of the embodiment of the needle guiding device 

shown in Figure 2A which excludes the guide platform and exposes the top surface of the base 
plate having an imaging grid. 

[0040] Figure 4C is a schematic top view of the embodiment of the needle guiding device 

shown in Figure 2A exposing the imaging grid located below a translucent guide platform. 
[0041] Figure 5 is a schematic top view of the relative positioning of the top and bottom 

portions of the embodiment of the needle guiding device shown in Figure 2A with respect to 
several calyxes of a right kidney of a patient lying in a face-down position. 
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[0042] Figure 6 is a schematic perspective view of the embodiment of the needle guiding 

device shown in Figure 2A depicting the relative positioning of a reference plane, needle guide 
shaft, a needle insertion trajectory and a target. 

[0043] Figure 7 is a illustrative view of the relationship between a needle insertion offset, 

a depth of a target and a depth angle of the needle insertion trajectory. 
[0044] Figure 8 A is a schematic side view from the vantage point of the medical 

professional of Figure 1 A of the embodiment of the needle guiding device shown in Figure 2 A 
positioned along the outer skin surface of the patient. 

[0045] Figure 8B is a schematic end-on cross-section taken along line 8B-8B in Figure 

8A. 

[0046] Figure 9A is a schematic side view from the vantage point of the medical 

professional of Figure 1A depicting movement of a fluoroscope emitter and fluoroscope receiver 
along an X-Z vertical plane. 

[0047] Figure 9B is a schematic end-on cross-sectional view depicting movement of the 

fluoroscope emitter and fluoroscope receiver along an Y-Z vertical plane as depicted in the 
arrangement of Figure 1A. 

[0048] Figures 10A-10E schematically depict the relative positioning of the imaging grid, 

the target, and a fluoro axis while utilizing embodiment of the needle guiding device of Figure 
2 A to guide a needle towards the target along a selected needle trajectory. 
[0049] Figure 1 1 is a schematic top perspective view of the axes of the needle guiding 

device and the fluoroscope. 

[0050] Figure 12 is a schematic top perspective view of the needle guiding device 

mounted on a rigid adjustable stand. 

[0051] Figures 13A-13B are different schematic side perspective views of the needle 

guiding device mounted on a flexible stand. 

[0052] Figures 14A-14E are schematic perspective views of the relative positioning of 

the imaging grid, the fluoro axis and the target. 

[0053] Figures 15A-15J are schematic perspective views of the relative positioning of 

the imaging grid, the fluoro axis and the target while performing steps to align the guide shaft 
towards a target. 
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[0054] Figures 1 6A- 1 6E are schematic perspective views of the relative positioning of 

the imaging grid, the fluoro axis and the target while performing steps to align the guide shaft 
towards a target using a guide point located along the Y axis of the imaging grid. 
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Description 

[0055] The invention enables a medical professional to guide a probe, such as a needle or 

other penetrating object, towards an target located inside the body of a patient. The probe can be 
aimed and directed towards a target along one of many possible trajectories circumventing vital 
structures inside the patient. The target may be hidden from human eyesight and could be, for 
example, an internal structure within the human body. A trajectory directed towards the target 
can be selected from many possible trajectories identified and provided for by the needle guiding 
device according to the invention. A selected trajectory can define a point of contact and 
direction of contact of the probe with respect to the target and also can define an insertion point 
of the probe with respect to, for example, the outer surface of a human body. The insertion point 
of the probe can be a location along the surface of the human body from which to insert and 
move the probe towards the target. 

[0056] The invention can be used with a vision enhancing device, such as an energy 

emitting device and a fluoroscope with its visual display, to identify the location of a target and 
to determine an insertion point along the outer skin surface of the patient and to determine a 
trajectory for directing the probe towards the target. The needle guiding device has portions that 
are visible to an unaided eye and/or are visible on a fluoroscope display. The needle guiding 
device can act as a point of reference that is visible to an unaided eye and visible on a 
fluoroscope display. These portions can be used to position and aim the needle guiding device 
towards a target. The invention also facilitates visual confirmation of the location and movement 
of the probe and/or its contact with the target while the probe and/or target may be hidden from 
human eyesight. 

[0057] Devices and methods according to the invention can assist a medical professional 

in a number of ways. For example, they can reduce the number of times a medical professional 
inserts a probe into a patient in an attempt to locate a target (and can reduce the length of time 
such a procedure might take). The invention provides a step-wise procedure to the medical 
professional. Additionally, the devices and methods of the invention keep the medical 
professional's hands out of the x-ray energy generated in conjunction with the fluoroscope, 
reducing health risks to the medical professional. Moreover, due to its step-wise nature, a 
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procedure according to the invention is amenable to training medical professionals in using the 
devices of the inventor. Also, the devices and methods according the invention can simplify 
directing a probe towards a target from a three-dimensional problem to a "two-dimensional" 
problem when viewed on a fluoroscope display. Furthermore, the devices and methods of the 
invention allow a medical professional to use a triangulation technique to view a probe during 
insertion. 

[0058] Referring to Figures 1 A-1B, a particular arrangement of medical equipment is 

shown for the purpose of illustrating the environment in which the invention may exist and be 
used. Other arrangements are possible. A patient lies on an operating table 1 12 near a medical 
professional 108. The operating table 1 12 has a long and short dimension. The medical 
professional 108 faces the patient, and the patient's feet are to the left side of the medical 
professional 108. 

[0059] A fluoroscope 100 includes a fluoroscope support 1 14, a rotation axial 1 15, a 

fluoroscope arm 106, a fluoroscope emitter 102, a fluoroscope receiver 104 and a fluoroscope 
display 116. The fluoroscope 100 is located on the side of the patient 110 opposite from the 
medical professional 108. The fluoroscope 100 is utilized by the medical professional 108 to 
visualize physical structures that are inside the patient 1 10. The fluoroscope emitter 102 directs a 
column of x-ray energy 122 towards the fluoroscope receiver 104. This column of x-ray energy 
122 typically has a circular cross-sectional area with a diameter of about 6 inches. 
[0060] The fluoroscope receiver 104 receives and captures the x-ray energy emitted from 

the fluoroscope emitter 102 and measures the intensity of the x-ray energy received from the 
fluoroscope emitter 102. The fluoroscope receiver 104 transmits electronic signals representing 
the measured intensity of the received x-ray energy to a fluoroscope display screen 116. The x- 
ray energy received by the fluoroscope receiver 116 excites material, such as calcium tungstate. 
The measured intensity of the excitement of the calcium tungstate represents the measured 
intensity of the received x-ray energy received by the fluoroscope receiver 104. The fluoroscope 
receiver 104 converts the excitement of the calcium tungstate into electronic signals and 
transmits these electronic signals to the fluoroscope display 116. The fluoroscope display 1 16 is 
a monitor that provides a visual representation of the body of the patient 1 1 0 and the probe. The 
probe is visualized on the fluoroscope display 1 16 as it enters the patient. 
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[0061] The fluoroscope arm 1 06 can be attached to the fluoroscope emitter 1 02 and the 

fluoroscope receiver 104 in a manner that ensures that x-ray energy emitted by the fluoroscope 
emitter 102 is directed towards and captured by the fluoroscope receiver 104. A line located 
within the fluoro beam 122 and intersecting both the fluoroscope emitter 102 and the fluoroscope 
receiver 104 is referred to as a fluoro axis 124. In this embodiment, the fluoro axis 124 is located 
at the center of the cross-section of the fluoro beam 122. When the fluoroscope arm 106 is 
repositioned, the direction and position of the fluoro axis 124 within 3-dimensional space is 
altered. 

[0062] When passing through some types of matter, the x-ray energy is reduced in 

intensity or attenuated. The x-ray attenuating properties of various types of matter vary. For 
example, air does not significantly reduce x-ray intensity. Flesh and other soft body tissue reduce 
x-ray intensity more than air but less than bone tissue. As used herein, the term "radiopaque" 
means a substance that at least partially prevents transmission (by blocking, reflecting, absorbing, 
defracting, and/or any similar phenomenon) of at least one type of electromagnetic radiation, 
such that an image of the substance will appear on a display, such as a fluoroscope display 1 1 6. 
Bismuth subcarbonate and stainless steel are examples of a radiopaque material. Also, any type 
of metal that is biocompatible or metal that is covered with a biocompatible plastic functions as a 
radiopaque material. Also, a radiopaque ink can be printed or stamped out of sheet metal to form 
radiopaque markings. 

[0063] The fluoroscope display 1 16 visually represents the intensity of the x-ray energy 

received by the fluoroscope receiver 104 from the fluoroscope emitter 102. The intensity of x- 
ray energy received at any point within the cross-sectional area of the fluoro beam 122 indicates 
the attenuating properties of any matter that the x-ray energy has passed through between the 
fluoroscope emitter 102 and the fluoroscope receiver 104. Radiopaque material significantly 
reduces the intensity of x-ray energy passing through it and produces a distinguishable effect on 
the image of the fluoroscope display 116. 

[0064] For example, if the material blocks x-ray transmission, a "shadow" of the material 

is shown on the fluoroscope display 1 16. Transparent materials do not produce a distinguishable 
effect on the display image 1 16 and are substantially absent in the fluoroscope display 116. 
Materials that are visible to the human eye may not be visible in the fluoroscope display 116. For 
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example, the exterior of the patient's body, as defined by the contours of the surface of her skin, 
is visible to the human eye but is not substantially radiopaque. 

[0065] A needle guiding device 1 26 is utilized by the medical professional 1 08 to aim 

and guide a needle towards a target along a needle insertion trajectory selected by the medical 
professional 108. The needle guiding device 126 is at least partially constructed from radiopaque 
material, and is visible in the fluoroscope display 1 16 when it is positioned within the fluoro 
beam 122. The target is typically inside patient 1 10 and the medical professional 108 utilizes 
knowledge of the relative positioning of the needle guiding device 126 and the fluoro axis 124 to 
aim and guide a needle towards the target. 

[0066] For the purpose of illustrating operation of the needle guiding device 126, X, Y, 

and Z axes 130 are used to describe the position of the fluoro axis 124 with respect to the 
position of the needle guiding device 126. The X and Y axes are geometric lines in 3 
dimensional space that are substantially horizontal to the surface of the earth (and substantially 
horizontal with respect to the table 1 12), perpendicular to each other and perpendicular to the 
direction of gravity. 

[0067] The horizontal view of this figure is directed substantially parallel to the X axis 

and substantially perpendicular to the Y axis and to the Z-Y vertical plane. The Y axis is a 
geometric line in 3 dimensional space that is horizontal to the surface of the earth and 
substantially parallel to a geometric line intersecting the medical professional 108 and the patient 
1 10. This line is also substantially parallel to the short dimension of the operating table 1 12. 
The X axis is perpendicular to the Y axis and is substantially parallel to the long dimension of the 
operating table 1 12. The Z axis is parallel to the direction of gravity and perpendicular to both 
the X and Y axes. 

[0068] The fluoroscope arm 1 06 can be rotated about the Y axis as indicated by 

directional arrow GG. This rotation causes the fluoroscope emitter 102, fluoroscope receiver 104 
and fluoro axis 124 to turn clockwise or counter clockwise from the viewing perspective of the 
medical professional 108 as shown in Figures 1A-1B. 

[0069] The fluoroscope arm 1 06 also can be rotated about the X axis in a clockwise or 

counter clockwise direction as indicated by directional arrow HH. When moving the fluoroscope 
arm 106 about the X axis in the clockwise direction , the fluoroscope emitter 102 moves closer to 
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the medical professional 108 while the fluoroscope receiver 104 moves farther away from the 
medical professional 108. When moving the fluoroscope arm 106 about the X axis in the counter 
clockwise direction, the fluoroscope emitter 102 moves farther away from the medical 
professional 108 while the fluoroscope receiver 104 moves closer to the medical professional 
108. 

[0070] Now referring to Figure 1 B, the viewing perspective is directed downward and 

parallel to the Z axis and perpendicular to the X-Y horizontal plane of this arrangement as 
indicated by the X, Y, and Z axes 132. The rotation of the fluoroscope arm 106 about the X axis 
is shown by directional arrows HH. The long dimension or length of the operating table 1 12 is 
parallel to the X axis. The head of the patient 1 10 lies toward the positive direction of the X axis 
while the feet of the patient 1 10 lie toward the negative direction of the X axis. An illustrative 
top view of an embodiment of the needle guiding device 126 also is shown. 
[0071] Now referring to Figures 2A-2D and 3A-3D, the needle guiding device 126 

includes a guide platform 230 having a top surface and a bottom surface. The guide platform 
230 has an opening 242 extending through it, and it is attached to a base plate 220. The guide 
platform 230 and the base plate 220 typically are constructed from material(s) that is (are) 
visually transparent and not substantially radiopaque. Such construction allows the outer skin 
surface of the patient 1 10 to be seen below the needle guiding device 126 when positioned on the 
outer skin surface of the patient 1 10. 

[0072] The guide platform 230 can be attached with a friction fit between it and the base 

plate 220. The guide platform 230 is rotatable about a rotation axis 228 in a clockwise or counter 
clockwise direction as indicated by directional arrow CC (best seen in Figures 2B and 2C), 
relative to the position of the base plate 220. In this embodiment, the rotation axis 228 is 
substantially perpendicular to the top surface of base plate 220 and to the top surface of the guide 
platform 230. The guide platform 230 typically is detachable from the base plate 220 but need 
not be detachable. Upon removing the guide platform 230, the top surface of the base plate 220 
is revealed (best shown in Figures 2B and 2D). 

[0073] The base plate 220 acts, in part, as a foundation for the guide platform 230. The 

base plate 220 has a bottom surface and a top surface. The top surface abuts the bottom surface 
of the guide platform 230. The base plate 220 has an opening 202 that extends through the center 
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of both the top and bottom surfaces of the base plate 220. The rotation axis 228 extends through 
the opening 202 at a center point 280 (best seen in Figure 2D). The bottom surface of the guide 
platform 230 is disposed adjacent to the opening 202. 

[0074] A pivot cylinder 234 is situated above the base plate 220 and within the guide 

platform 230. The pivot cylinder 234 has a curved outer surface. In this embodiment, slot 
openings 244, 246 (best seen in Figure 2C) (collectively referenced as opening(s) 242) in the top 
surface of the guide platform 230 partially expose the curved outer surface of the pivot cylinder 
234. In other embodiments, the curved outer surface is partially or fully exposed through the one 
or more openings in the top surface of the guide platform. 

[0075] An aperture 207 is located along the perimeter of the base plate 220 and adjacent 

to the outer stabilizer rim 208 The medical professional 108 can insert his/her finger to touch 
the patient's outer skin. This feature allows the medical professional 108 to verify the location of 
the needle guiding device 126 with respect to a body structure. For example, the medical 
professional 108 can verify the location of a patient's rib. A gap 206 located between the base 
plate 220 and the outer stabilizer rim 208 also allows the medical professional 108 finger access 
while positioning the needle guiding device 126. 

[0076] The pivot cylinder 234 also has two flat and circular outer surfaces 308a, 308b 

(best seen in Figures 3 A and 3C) that are substantially perpendicular to the top surface of the 
guide platform 230 in this embodiment. Each flat and circular outer surface 308a, 308b has a 
center point 310a, 310b (respectively). The pivot cylinder 234 extends along a pivot axis 222 
through the center points 3 1 0a, 3 1 0b. The pivot axis 222 is substantially perpendicular to the 
rotation axis 228. 

[0077] The pivot cylinder 234 is rotatable about the pivot axis 222 as indicated by arrow 

AA (best seen in Figure 2C). A guide shaft 232 and a guide rod 236 are each connected to the 
pivot cylinder 234 at their distal ends. In certain embodiments, the guide shaft 232 and/or the 
guide rod 236 can be at least partially disposed within a bore of the pivot cylinder 234. The 
guide shaft 232 fits into a bore through the pivot cylinder 234. A slot opening 244 forms an 
opening in the top surface of the guide platform 230 to accommodate movement of the guide rod 
236. A second slot 246 forms a slot opening in the top surface of the guide platform 230 to 
accommodate movement of the guide shaft 232. 
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[0078] The rotational movement of the pivot cylinder 234 is transferred to both the guide 

shaft 232 and the guide rod 236 such that when the pivot cylinder 234 rotates about the pivot axis 
222, both the guide shaft 232 and the guide rod 236 rotate about the pivot axis 222. The guide 
shaft 232 and the guide rod 236 can be positioned at many angles relative to the top surface of 
the base plate 220 and/or the top surface of the guide platform 230. Additionally, when the guide 
platform 230 rotates about the rotation axis 228, the pivot cylinder 234, along with the guide 
shaft 232 and guide rod 236, also rotates about the rotation axis 228. Accordingly, the pivot axis 
222 can be rotated about the rotation axis 228. 

[0079] In use, a medical professional can move the guide rod 23 6 about the pivot axis 

222 to transfer rotational movement to the guide shaft 232 via the pivot cylinder 234. Movement 
of the guide rod 236 enables the medical professional 108 to adjust the position of the guide shaft 
232 without directly handling the guide shaft 232. The guide shaft 232 typically resides within 
the fluoro beam 122 when the needle guiding device 126 is in use. This feature aids the medical 
professional in avoiding health risks associated with exposure to the x-ray radiation of the fluoro 
beam 122 when using the needle guiding device 126. Additionally, the guide rod 236 can be 
used as a handle to adjust the rotational position of the guide platform 230 about the rotation axis 
228. 

[0080] The guide rod 236 has a mechanism that locks the position of the pivot cylinder 

234 about the pivot axis 222 (best seen in Figure 3B). The distal end of the guide rod 236 is 
threaded 247 to engage with an at least partially threaded bore extending through the pivot 
cylinder 234. When the guide rod 236 is rotated about its axis 326 as indicated by arrow DD, it 
is drawn into and through the bore of the pivot cylinder 234. Upon being drawn entirely through 
the bore of the pivot cylinder 234, the distal end of the guide rod 236 makes contact with a 
surface 248 inside the guide platform 230. The surface 248 is complementary to the outer curved 
surface of the pivot cylinder 234. This contact creates a pressing force on the surface 248 inside 
the guide platform 230 that prevents the rotational movement of the guide rod 236, the pivot 
cylinder 234 and the guide shaft 232 about the pivot axis 222. 

[0081] The guide shaft 232 has a longitudinal dimension and extends in the direction of 

its longitudinal dimension along a guide shaft axis 324. The guide shaft 232 defines an internal 
passageway 321 (best seen in Figure 3C) that is capable of containing a probe such as a needle. 
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The internal passageway 321 of the guide shaft 232 forms a portion of a guide platform 
passageway 320 extending through the guide shaft 232, through the pivot cylinder 234, and 
through the guide platform 230. The guide platform passageway 320 abuts the opening 202 in 
the base plate 220 and provides a passage through which a probe or needle can travel towards a 
target. The direction of this passage 320 is adjustable about the rotation axis 228 and the pivot 
axis 222 for aiming the needle guiding apparatus 126 such that a needle is directed towards its 
target. 

[0082] The guide shaft 232 extends from a first end 232a to a second end 232b of the 
guide shaft 232. The guide shaft axis 324, the rotation axis 228, and the pivot axis 222 intersect 
at a common point 330. The common point 330 is located inside the guide platform passageway 
320. The location of the common point 330 is fixed relative to other stationary portions of the 
needle guiding device 126, such as the handle 210. With respect to any other stationary portions 
of the needle guiding device 126, the location of the common point 330 remains fixed 
independent of the rotational position of the guide platform 230, the pivot cylinder 234 and the 
guide shaft 232. 

[0083] The radiopaque material 340 (best seen in Figure 3D) is located in close proximity 

to the location of the common point 330. The radiopaque material 340 provides an indication of 
the location of the guide shaft 232 and the location of the common point 330 when the needle 
guiding device 126 is viewed on a fluoroscope display 1 16. The radiopaque material 340 also 
serves as an accurate indication of the location of the center point 280 and of the needle insertion 
point along the outer surface of the patient 1 10. 

[0084] The guide shaft 232 is made from the radiopaque material 340 which is located 

between the first end 232a of the guide shaft 232 and a locus 341 along the guide shaft 232. In 
other embodiments, the radiopaque material lines the inside surface of the guide shaft 232 or 
covers the guide shaft 232. The locus 341 is located normal to the guide shaft axis 324 at the 
common point 330. The radiopaque material 340 extends along at least a portion 372 of the 
guide shaft 232 to the locus 341 and, in this embodiment, the locus 341 and the common point 
330 is at the end 232b of the guide shaft 232. 

[0085] The locus 341 is located immediately adjacent to a material 323 being less 

radiopaque than the radiopaque material 340. In this embodiment, starting at the locus 341 the 
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radiopaque material 340 entirely surrounds the common point 330. As the radiopaque material 
340 surrounds the common point 330, each point of the radiopaque material 340 is located 
normal to the guide shaft axis 324 at the common point 330 and is immediately adjacent to a less 
radiopaque material. 

[0086] In alternative embodiments, the bore through the pivot can be made from and/or 

lined with a radiopaque material that extends to the common point as described above. In this 
case, the locus which is normal to the guide shaft axis also is at the common point. When the 
common point is located inside the bore, the locus is accordingly located inside or on the inner 
surface of the bore. In certain embodiments only a portion of the guide shaft and/or the bore are 
more radiopaque than the material located adjacent to the locus at the common point. 
Additionally, the radiopaque material at the locus need not be uniformly disposed normal to the 
guide shaft axis at the common point such that a locus can be a single point of radiopaque 
material located normal to the guide shaft at the common point and which is located immediately 
adjacent to a less radiopaque material. 

[0087] When inserted through the guide shaft 232, a probe or needle travels generally 

through the common point 330 and towards a target. The location of the center point 280 of the 
base plate 220 is in close proximity to the location of the needle insertion point along the outer 
surface of the patient 110. In the embodiment shown, the common point and the center point are 
in the same location. In other embodiments, the common point 330 and the center point 280 can 
be in the same location or different locations. In certain embodiments, including this 
embodiment, the common point 330 is located at the second end 232b of the guide shaft 232. 
[0088] The direction of the guide shaft axis 324 defines a needle insertion trajectory. The 

radiopaque material 340 of the guide shaft 232 projects a visible profile when viewed from the 
fluoroscope display 116. When the guide shaft axis 324 is aligned along the fluoro axis 124, the 
radiopaque material 340 projects the smallest profile image on the fluoroscope display 116. 
[0089] In this embodiment, the smallest profile image of the radiopaque material 340 

appears as a circle. The circle has a diameter representing the diameter of the guide shaft 232. If 
the radiopaque material does not extend around the common point 330, the smallest profile 
image of the radiopaque material 340 appears as a portion of a circle on the fluoroscope display 
1 16. When the guide shaft axis 324 is not aligned along the fluoro axis 124, the radiopaque 
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material 340 projects a larger profile image on the fluoroscope display 116. In this embodiment, 
the larger profile image of the radiopaque material 340 appears as an oblong shape which has a 
thickness which represents the diameter of the guide shaft 232. Other embodiments have one or 
more portions of radiopaque material located along the guide shaft and/or the bore through the 
pivot cylinder. For these embodiments, the larger profile of the radiopaque material can appear 
as a broken oblong shape. 

[0090] Because the radiopaque material 340 extends to, but not beyond, the locus 341, 

the radiopaque material 341 forms a profile image when viewed on the fluoroscope display 116. 
This visible profile image appears as an edge. This edge is seen because the radiopaque material 
340 is located immediately adjacent to other material that is less radiopaque. The edge also 
indicates the location of the common point 330 along the guide shaft 232. 
[0091] In embodiments where the radiopaque material does not entirely surround the 

common point at points normal to the guide shaft axis at the common point, the image of the 
edge may not be as distinguishable and may be less accurate as compared to when the radiopaque 
material does surround the common point at points normal to the guide shaft axis at the common 
point. A similar situation may apply to embodiments where the radiopaque material extends 
beyond points normal to the guide shaft axis at the common point. 

[0092] An imaging grid 290 (best seen in Figures 4A-4C) is a collection of one or more 

markings located along the top surface of the base plate 220. These markings aid the medical 
professional 108 to use the needle guiding device 126 when aiming a probe or needle 442 
towards a target 410. The imaging grid 290 includes at least one radiopaque point and is 
disposed about the rotation axis 228. The imaging grid 290 will be discussed in more detail 
when referring to Figures 4A-6. 

[0093] An aiming line 240 (best seen in Figures 2A-2C) is a line shaped marking that 

extends from the center to the outer perimeter of the top surface of the guide platform 230. The 
aiming line 240 indicates the direction of needle insertion from the guide shaft 232. The aiming 
line 240 is constructed from material that is both radiopaque and visually distinguishable via 
ordinary eyesight. The distal end point 241 of the aiming line 240 (best seen in Figure 2C) can 
be used as a point of reference for aligning a target and a fluoro axis 124. The aiming line 240 is 
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directed by rotating the guide platform 230 about the rotation axis 228 with respect to the 
position of the base plate 220 and the imaging grid 290. 

[0094] The needle guiding apparatus 1 26 also includes a handle 2 1 0 which extends along 

a handle axis 218. Typically, the handle axis 218 is substantially perpendicular to the rotation 
axis 228. The handle axis 218 intersects the common point 330. The handle axis 218 is not 
required to intersect the common point 330. In other embodiments, the handle axis does not 
intersect the common point 330. The handle 210 includes a sleeve 205 which extends over a 
shaft 21 1 (best seen in Figure 2B). The sleeve 205 is connected to an outer stabilizer rim 208 
which surrounds the base plate 220. The distal end of the shaft 21 1 extends through an opening 
in an outer stabilizer rim 208 and connects to the base plate 220 via a handle attachment 212. 
The base plate 220 also is attached to the outer stabilizer rim 208 via an outer stabilizer rim 
attachment 214 located opposite from the handle attachment 212. 

[0095] Referring to Figure 2F, the outer curved surface of the proximal end of the shaft 

21 1 has teeth 213 forming ridges directed along the handle axis 218 that engage complementary 
structures located inside the distal end of the hand grip 209. Accordingly, the proximal end of 
the shaft is connected to a hand grip 209 for the medical professional to grasp. The handle 210 
can be rotated in either direction around the handle axis 218 as indicated by directional arrow 
BB. The teeth 213 of the shaft 21 1 protrude outside of the hand grip 209 when the teeth 213 are 
fully engaged with the hand grip 209. 

[0096] When the hand grip 209 is used to rotate the handle 210 about the handle axis 

218, the base plate 220 and the guide platform 230 can rotate around the handle axis 218 
independent of the position of the outer stabilizer rim 208. In certain embodiments, the shaft 21 1 
and the sleeve 205 can be made of a flexible material, such as pliable rubber or plastic, to enable 
the handle 210 to bend when negotiating the contours of the outer surface of the patient 110. The 
sleeve 205 and the outer stabilizer rim 208, are attached to each other and are rotatable about the 
shaft 21 1 . A sleeve locking mechanism 288 fixes and locks the position of the sleeve 205 and 
the attached outer stabilizer rim 208 to the position of the hand grip 209 and the attached shaft 
211. 

[0097] The sleeve locking mechanism 288 includes a circular outer shell 283 that is 

fixably attached to the sleeve 205 and that is rotatably attached to the hand grip 209 (best seen in 
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Figures 2E-2K). The sleeve locking mechanism 288 can be placed into a locked or an unlocked 
state. When in the unlocked state, the sleeve locking mechanism 288, the sleeve 205 and the 
outer stabilizer rim 208 are together rotatable about the handle axis 218 in a manner independent 
of the position of the hand grip 209, the shaft 213 and the base plate 220. When in the locked 
state, the sleeve locking mechanism 288, the sleeve 205 and the outer stabilizer rim 208 are not 
rotatable about the handle axis 218 in a manner independent of the position of the hand grip 209, 
the shaft 213 and the base plate 220. 

[0098] The sleeve locking mechanism 288 includes a vertical plate 282 located inside a 

slot 289 that is located inside a circular outer shell 283. The vertical plate 282 slides up and 
down within the slot 289 inside the outer shell 283 in a substantially perpendicular direction 
relative to the shaft axis 218. The shaft 21 1 is attached to the distal end of the hand grip 209 
while being disposed within the circular outer shell 283 that is fixably attached to the sleeve 205. 
The vertical plate 282 has a longitudinal dimension that is normal to the handle axis 218. The 
vertical plate 282 also has an oval shaped opening 284 extending through it along a direction 
which is parallel to the handle axis 218. 

[0099] Referring to Figure 2H, a cross sectional view of the slot 289 located inside of the 

circular outer shell 283 is shown generally along line AAA of Figure 2E. The slot 289 is 
designed to accommodate the movement of the vertical plate 282. The sleeve 205 is fixably 
attached to the circular outer shell 283 at the location shown. 

[00100] Referring to Figure 21, a cross sectional view of the vertical plate 282 located 
inside the slot 289 of the circular outer shell 283 is shown generally along line AAA of Figure 
2E. The vertical plate 282 has an opening 284 and teeth 285 located along the lower perimeter of 
the opening 284. 

[00101] Referring to Figure 25, a cross sectional view of the teeth 213 of the proximal end 
of the shaft 21 1 engaging the teeth 285 located along the lower perimeter of the opening 284 of 
the vertical plate 282, as shown generally along line AAA of Figure 2E. The vertical plate 282 is 
shown in an elevated and locked position. 

[00102] Referring to Figure 2K, a cross sectional view of the teeth 213 of the proximal end 
of the shaft 21 1 as disengaged from the teeth 285 of the lower perimeter of the opening 284 of 
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the vertical plate 282, as shown generally along line AAA of Figure 2E. The vertical plate 282 is 
shown in a non elevated and unlocked position. 

[00103] The teeth 2 1 3 of the proximal end of the shaft 2 1 1 are disposed within the 
opening 284 of the vertical plate 282 is shown generally along line AAA of Figure 2E. The 
vertical plate 282 is disposed inside the slot 289 that is located inside the circular outer shell 283. 
[00104] The proximal end of the shaft 2 1 1 is disposed within the opening 284 and 
disposed towards the lower side of the opening 284. The lower perimeter of the opening 284 has 
teeth 285 directed upward. The proximal end of the shaft 21 1 also has teeth 213 which are 
situated about at least part of the circumference of the shaft 21 1. The vertical plate 282 can be 
positioned into a locked or an unlocked position and is biased to a locked position. 
[00105] When in the locked state, the rotational position of the sleeve 205 and the attached 
outer stabilizer rim 208 about the handle axis 218 are fixed with respect to the position of the 
base plate 220, the hand grip 209 and the shaft 211. The vertical plate 282 is located in its most 
elevated position so that the teeth 285 of the vertical plate 282 engage the teeth 213 of the 
proximal end of the shaft 21 1 . Engagement between the teeth 285 of the vertical plate 282 and 
the teeth 213 of the proximal end of the shaft 211 locks the rotational position of the shaft 211, 
the attached handgrip 209 and the attached base plate 220 relative to the rotational position of the 
sleeve 205 and the attached outer stabilizer rim 208. A cantilever spring 286 exerts an upward 
force upon the vertical plate 282 to hold it into its locked position. 
[00106] When in the unlocked state, the sleeve 205 and the outer stabilizer rim 208 are 
rotatable about the handle axis 218 relative to the position of the base plate 220, the hand grip 
209 and the shaft 211. In the unlocked state, the rotational position of the sleeve 205 and of the 
outer stabilizer rim 208 about the handle axis 218 can be adjusted relative to the rotational 
position of the base plate 220, the hand grip 209 and the shaft 211. To position the sleeve 
locking mechanism 288 into the unlocked state, a downward force (for example, by a medical 
professional 108 pressing on the vertical plate 282) is exerted upon the vertical plate 282 against 
the upward force exerted by the cantilever spring 286. The downward force is exerted until the 
vertical plate 282 is positioned to fully disengage the teeth 285 of the vertical plate 282 from the 
teeth 213 of the shaft 211. Ceasing to exert a downward force on the vertical plate 282 causes 
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the upward force exerted on the vertical plate 282 by the cantilever spring 286 to return the 
vertical plate 282 to its locked position. 

[00107] The outer stabilizer rim 208 provides support for the position of the base plate 220 
while the needle guiding device 126 is being positioned and/or pressed against the contours of 
the outer surface of a patient 110 during alignment and insertion of a needle. When positioning 
the needle guiding device 126, the outer stabilizer rim 208 can be locked into a position relative 
to the position of the base plate 220 such that both the outer stabilizer rim 208 and the base plate 
220 contact the patient (best seen in Figure 2L). 

[00108] For example, to account for the curvature of the patient's back, the outer stabilizer 
rim 208, relative to the base plate 220, can be set at an angle D. Due to the angle D between the 
two parts 208, 220, the needle guiding device 126 can be placed on the patient 110 such that the 
needle guiding device 126 makes fuller contact with the outer contours of the patient 1 10. 
[00109] An alternative embodiment of a sleeve locking mechanism shown in FIG. 2M, is 
constructed such that the outer stabilizer rim 208 and the attached sleeve 205 are locked via an 
outer stabilizer rim lock mechanism 216 that is connected to an outer stabilizer rim attachment 
215. The outer stabilizer rim attachment 215 has an inner end that is substantially similar to the 
outer stabilizer rim attachment 214 of the preferred embodiment. The outer end of the outer 
stabilizer rim attachment 215 is threaded and extends through an opening in the outer stabilizer 
rim 208. 

[00110] The outer stabilizer rim lock 216 contains a threaded cavity. The threads of the 
threaded cavity engage the threads of the outer end of the outer stabilizer rim attachment 215. To 
place the outer stabilizer rim lock 216 into a locked state, it is rotated to further engage with the 
outer stabilizer rim attachment 215. The further engagement of the threads moves the outer 
stabilizer rim lock 216 towards the outer stabilizer rim 208, creating a pressing force upon the 
outer stabilizer rim 208, the outer stabilizer rim attachment 215, and the base plate 220. 
Accordingly, the position of the outer stabilizer rim 208 and of the base plate 220 are fixed 
relative to each other. 

[00111] Now referring to Figures 4A-7, the needle guiding device 126 includes an imaging 
grid 290 (best seen in Figures 2B and 4A-4C). An imaging grid 290 has markings 502, 504, 506, 
508, 510, 512, 514, 516, 518, 520, 522, 524, 530, 532, 534, 536, 552, 554, 556, 558, 560, 562, 
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564, 566, 568 and 570 that are generally shaped in the form of points or lines that aid the medical 
professional 108 in aiming a probe or needle 442 towards a target 410 (best seen in Figure 6). 
[00112] Guide points 502-524, 552-70 are markings that are each shaped in the form of a 
point. Guide lines (for example, 530-536, 572) are markings that are each shaped in the form of 
a line. The guide points 502-524, 552-570 and guide lines (for example, 530-536, 572) are 
located along the top surface of the base plate 220 (best seen in Figures 4A-4C) inside the 
imaging grid 290. These guide points 502-524, 552-570 and guide lines are designed to be 
symmetric with respect to left and right handed medical professionals 108. Accordingly, either a 
right or left handed medical professional can use the needle guiding device 126. 
[001 13] The markings function as points and lines of reference with respect to the relative 
location of the needle guiding device 126, the fluoro axis 124 and the target 410. These 
markings are constructed from a substance that is radiopaque and visually distinguishable from 
other parts of the needle guiding device 126 when viewed from either the human eye or the 
fluoroscope display 1 16. 

[00114] In this embodiment, the imaging grid 290 surrounds the center point 280 of the 
base plate 220. Any guide point 502-524, 552-570 can be selected by the medical practitioner 
108 as a target point . A target locating fluoro axis is a fluoro axis 124 that is positioned to 
intersect a target. The target point is a guide point that indicates a location on the needle guiding 
device where a target locating fluoro axis intersects the needle guiding device 126. The guide 
lines (for example, 530-536, 572) intersect one or more guide points 502-524, 552-570 or 
intersect one or more guide points 502-524, 552-570 and extrapolate to intersect the center point 
280. For example, a guide line 530 intersects a guide point 520 and extrapolates to intersect the 
center point 280. 

[00115] The crosshairs of the imaging grid 290 are guide lines 530-536 that extrapolate to 
intersect the center point 280 and that are directed in parallel with either the X or Y axes of the 
needle guiding device 126. For example, guide line 530 and guide line 532 are aligned with the 
Y axis of the needle guiding device 126 and define a Y axis crosshair. Guide line 534 and guide 
line 536 define an X axis crosshair. 

[00116] In use, the medical professional can optionally position the needle guiding device 
126 such that the guide lines (for example, 530-536, 572) and crosshairs 530-536 are directed 
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parallel to at least one of the directions of movement of the fluoro axis 124. A guide line (for 
example, 530-536, 572) or a crosshair 530-536 can be optionally selected by the medical 
practitioner 108 as a path of fluoro axis movement during the needle aiming and insertion 
procedure. 

[00117] The guide lines (for example, 530-536, 572) can indicate to the medical 
practitioner 108 the direction in which to move the fluoro axis 122 in order to intersect point 
locations on the imaging grid 290. These point locations can include the guide points 502-524, 
552-570 or the center point 280. In the preferred embodiment, guide lines (for example, 530, 
572) intersect at 90 degree angles, which is consistent with a fluoroscope providing two-planes of 
fluoro axis movement. However, guide lines need not intersect at a 90 degree angle. In other 

j:j embodiments, individual guide lines can intersect a guide point and issue to the center point or 

0 intersect other guide lines at angles other than 90 degree angles. 

y [00118] The location and position of the imaging grid 290, located along the top surface of 
2 me base plate 220 > defmes the location and position of the reference plane 430 (best seen in 
ril Figure 6). When the guide platform 230 is attached to the base plate 220, the center point 280 
| B : and the common point 330 have the same location. Accordingly, the reference plane 430 defined 

Til 

g by the imaging grid 290 constitutes one plane that intersects the location of the center point 280 
4 and the common point 330. The pivot axis 222 lies along the reference plane 430 and intersects 
£ the center point 280 and the common point 330. 

[00119] In certain embodiments, the center point and the common point have separate 
locations that are in close proximity to each other. In these certain embodiments, the imaging 
grid defines a plane that intersects the center point while the reference plane intersects the 
common point and is parallel with the imaging grid. The imaging grid can closely approximate 
the location and orientation of the reference plane. Like the preferred embodiment, the pivot axis 
lies along the reference plane and intersects the common point. The distance between the 
reference plane and imaging grid is equal to the distance between the common point and the 
center point. 

[00120] The guide platform 230 is constructed from translucent material such as 
translucent plastic or rubber (best seen in Figure 4C). The translucent material allows both 
ordinary visible light and x-ray energy of the fluoro beam 122 to pass through it without any 
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significant attenuation. Accordingly, the imaging grid 290 which is located below the guide 
platform 230, is visible from a viewing perspective above the guide platform 230 via the ordinary 
eyesight or via the fluoroscope display 1 16. Other parts of the device that are not desired to 
appear on the fluoroscope also can be constructed of, for example, but without limitation, plastic 
or rubber that are not substantially radiopaque. Parts of the device that are desired to be 
radiopaque can be made of, for example, but without limitation, a metal. 
[00121] Referring to Figure 6, a needle insertion trajectory 414 is a path through three 
dimensional space that is aligned with the guide shaft axis 324 and that intersects the common 
point 330 and a target 410. The needle insertion trajectory 414 is defined by a directional 
component projected along the reference plane 430 and by a depth angle 416 relative to the 
reference plane 430. The angle of intersection between the guide shaft axis 324 and the reference 
plane 430 defines the depth angle 416. 

[00122] The depth angle 416 extends below the reference plane 430 and is defined by the 
angle of intersection between the guide shaft axis 324 and the bottom surface of the reference 
plane 430. The pivot angle 418 extends above the reference plane 430 and is an angle defined by 
the angle of intersection between the guide shaft axis 324 and the top surface of the reference 
plane 430. The size of the depth angle 416 and the pivot angle 418 are proportional to the 
vertical pitch of the needle insertion trajectory 414. The size of the depth angle 416 and the pivot 
angle 418 are equal for a particular needle insertion trajectory. 

[00123] Referring to Figure 5, the needle insertion offset is defined as the distance 
between a guide point that is selected as a target point and the center point. The size of the 
needle insertion offset varies among selected guide points 502-524, 552-570. For example, the 
needle insertion offset of guide point 518 is shorter than for guide point 504. The farthest 
distance between the center point and any guide point 502-524, 552-570 is the maximum needle 
insertion offset provided by the imaging grid 290. In this embodiment, the maximum needle 
insertion offset of the imaging grid 290 for the needle guiding device 126 is approximately 1 
inch. In other embodiments, the maximum needle insertion 782a, 782b offset can range well 
above this length. 

[00124] The needle insertion offsets 782a, 782b are illustrated relative to the center point 
locations 280a, 280b and guide point 504. The target is shown to be located at two possible 
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depths 410a, 410b below the top surface of the base plate 220. A relationship exists between the 
length of the needle insertion offset, the size of the depth angle and the depth of the target below 
the base plate 220. With respect to the depth of a particular target 410a, 410b below the base 
plate 220, the size of the depth angle 416aa, 416ab, 416ba and 416bb is inversely proportional to 
the size of the needle insertion offset 782a, 782b. The smaller the needle insertion offset 782a, 
782b, the larger the depth angle 416aa, 416ba, 416ba and 416bb with respect to the depth of a 
particular target 4 1 0a, 4 1 0b. 

[00125] For example, the needle insertion offset 782b is substantially larger than the 
needle insertion offset 782a. With respect to the target 410a having a depth 784a, the depth angle 
416aa associated with the smaller needle insertion offset 782a is larger than depth angle 416ba 
associated with the larger needle insertion offset 782b. The same type of relationship applies 
between needle insertion offsets 782a, 782b and the target 410b having a depth of 784b. When 
the size of the needle insertion offset 782a, 782b is zero, the guide point 504 and the center point 
have the same location on the imaging grid 290. Accordingly, the size of the depth angle 416 
equals a right 90 degree angle directed downward from the reference plane 430. 
[00126] The size of the depth angle 416 is also dependent upon the actual depth of the 
particular target 41 0a, 41 0b below the reference plane 430. For a particular needle insertion 
offset 782a, 782b a deeper target 410b requires a larger depth angle 416 for the needle trajectory 
414 to intersect the target 410a, 410b. For example, for a needle insertion offset 782a, the target 
410a having a depth 784a has a smaller depth angle 416aa than the depth angle 416ab 
corresponding to the needle insertion offset 782a and a deeper target 410b having a 784b larger 
depth than the depth 784a. The same type of relationship applies between needle insertion offset 
782b and the targets 410a and 410b with depths 784a and 784b respectively. 
[00127] Again referring to Figure 6, the direction of the aiming line 240 indicates the 
directional component of the needle insertion trajectory 414 that is projected along the reference 
plane 430. The aiming line 240 is parallel to the reference plane 430 and to the top surface of the 
base plate 220 and to the top surface of the guide platform 230. The aiming line 240 also is 
aligned with the two dimensional directional component of the needle insertion trajectory 414, 
which is equal to the two dimensional directional component of the guide shaft axis 324, that is 
parallel to the reference plane 430. When the aiming line 240 is directed towards a guide point 
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502-524, 552-570, the directional component of a needle insertion trajectory 414 with respect to 
the reference plane 430 is also directed towards the guide point 502-524, 552-570. Accordingly, 
the direction of the aiming line 240 serves as an accurate indicator of the direction of the needle 
insertion trajectory 414 with respect to the reference plane 430. 

[00128] The following description summarizes the use of a needle guiding device 1 26 
according to the invention. First, a medical professional 108 chooses a target 410 and identifies 
its approximate location inside the body of a patient 110. The fluoro axis 124 is initially in a 
downward vertical position that is also known as the Anterior Posterior (AP) position. Next, the 
medical professional 108 chooses an approximate location of a needle insertion point along the 
outer surface of the patient 1 10. The medical professional 108 chooses the needle insertion point 
based upon a desired needle insertion trajectory 414. Considerations for choosing a needle 
insertion trajectory 414 include the location of the target 410, the shape of the target 410, and the 
surrounding body structures that the medical professional 108 may wish to bypass. The imaging 
grid 290 and the guide platform 230 are positioned parallel to the surface of the earth. 
[00129] Next, the medical professional 1 08 aligns a fluoro axis 124 such that it aligns with 
the approximate location of the target 410 and the approximate location of the needle insertion 
point. The medical professional 108 adjusts the position of the fluoro axis 124 while viewing a 
fluoroscope display 1 16. When an image of the target 410 is displayed, a first fluoro axis 
position 424 is defined. 

[00130] Next, the medical professional 1 08 selects a guide point 502-524, 552-570 on the 
imaging sight (for example, the imaging grid) as a starting point. The starting point is the first 
target point selected during this procedure. A target point is a guide point 502-524, 552-570 that 
indicates a location on the needle guiding device where a target locating fluoro axis 124 
intersects or will intersect the needle guiding device 126. The needle guiding device 126 is 
positioned on the patient 1 10 such that the selected guide point 504 is aligned with the first 
fluoro axis position. Also, the needle guiding device 126 is positioned such that its center (e.g., 
the center point 280) is slightly offset from the location where a needle 442 will be inserted. The 
medical professional 108 rotates a guide platform 230 so that an aiming line 240 associated with 
the guide platform 230 aligns with the guide point 504 chosen as the starting point. 
Alternatively, this step can be performed later in the procedure. If performed during this step of 
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the procedure, movement of the needle guiding device 126 or of a component of the needle 
guiding device 126 is minimized later on in the procedure. In this orientation, the common point 
330 also is adjacent to the location where a needle 442 will be inserted. In this alignment, the 
image of the guide point 504 and the target 410 appear to overlap on the fluoroscope display 
screen. 

[00131] Next, the medical professional 1 08 repositions and aligns the fluoro axis 1 24 such 
that the fluoroscope display 116 shows an image of the edge of the radiopaque material of the 
guide shaft 232, located at the locus 341, superimposed on the image on the target 410. In this 
position, the common point 330 and the target 410 are aligned along the fluoro axis 124. This is 
the second fluoro axis position 426. 

[00132] One example of how the medical professional 1 08 can achieve alignment of the 
common point 330 and the target 410 follows. The medical professional 108 chooses two guide 
lines (for example 530-536, 572) on the imaging grid 290. One of these guide lines (for example 
572 ) issues from the guide point 504 chosen as the starting point and one of these guide lines 
(for example 530) issues from the center of the needle guiding device 126 (e.g., the center 280 of 
the base plate 220). Each of these lines meets at a 90 degree angle. The medical professional 
108 then moves the fluoro axis 124 such that it intersects the intersection of these guide lines 
572, 530 (an intermediate guide point 518). 

[00133] On the fluoroscope display 1 16, the image of the intermediate guide point 518 is 
superimposed on the target 410. Then, the medical professional 108 moves the fluoro axis 124 
such that it intersects the center of the needle guiding device 126 (the common point 330) and the 
target 410. The fluoroscope display 1 16 shows the image of the edge of the radiopaque material 
340 of the guide shaft 232, located at the locus 341, superimposed on the image of the target 410. 
This is the second fluoro axis position 426. 

[00134] If the guide point (for example 520) chosen as the starting point fortuitously 
happens to be aligned with the target 410 and is aligned along a guide line (for example 530) that 
issues from the center of the needle guiding device 126, then the medical professional 108 need 
only move the fluoro axis 124 along this one guide line 530 to achieve the second fluoro axis 
position 426. 
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[00135] The medical professional 1 08 then rotates a guide platform 230, if not rotated 
previously, so that an aiming line 240 associated with the guide platform 230 aligns with the 
guide point 504 chosen as the starting point. The guide shaft 232 then is repositioned, using the 
guide rod 236, to align the axis of the guide shaft 324 with the fluoro axis 124 in the second 
fluoro axis position 426. When aligned, the guide shaft 232 projects its smallest profile image in 
the fluoroscope display 116. The guide shaft profile image appears as a circle and appears to be 
superimposed on the image of the target 410. When the guide shaft 232 is in this alignment, the 
medical professional 108 locks the position of the guide shaft 232 using a guide rod 236 locking 
mechanism 249. 

[00136J Next, and optionally, the medical professional 1 08 repositions the fluoro axis 1 24 
to a position it was in prior to being in the second fluoro axis position 426 (for example, the first 
fluoro axis position 424), if he or she wishes to view a needle as it is inserted into a patient 110 
on the fluoroscope display 116. However, the fluoro axis 124 can be repositioned to any position 
that is not substantially the same as the second fluoro axis position 426 in order to view the 
needle 442. In this position, the guide shaft 232 no longer projects its smallest profile image in 
the fluoroscope display 1 16. The image of the guide shaft 232 now appears to have an oblong 
shape with its long dimension directed towards the target 410. 

[00137] Finally, the medical professional 1 08 inserts the needle 442 through the guide 
shaft 232 which is aligned with the target 410. The image of the needle 442 appears as an oblong 
shape in the fluoroscope display 116 with its long dimension directed towards the image of the 
target 410. If the needle 442 is viewed while being inserted, the image of the needle 442 appears 
to move towards the image of the target 410. The medical professional 108 ceases inserting the 
needle 442 when he or she feels the target 410 and/or when he or she sees the image of the needle 
442 connect with the image of the target 410. 

[00138] The precise anatomy of each patient 1 10 varies. The medical professional 1 08 
selects an approximate location of a needle insertion point along the outer surface of the patient 
1 10. This selection is based upon the type of operation to be performed and upon the particular 
anatomy of the patient 108. The fluoroscope 100 can be used to peer inside the body of the 
patient 1 10 to identify the precise location of the target. The medical professional 108 positions 
the fluoro axis 124 towards the approximate location of a target 410. Preferably, the fluoro axis 
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124 is positioned to also intersect the outer surface of the patient 1 10 in the vicinity of the 
selected approximate location of the needle insertion point. 

[00139] Referring to Figure 7, the target 410 is typically located inside the human body 
and is not visible to the human eye. For example, the target 410 can be a point located inside of a 
kidney 1320. A kidney includes a main body of tissue 1320 and multiple protrusions of tissue 
1322-1326 extending from the main body 1320. Each protrusion of tissue is called a calyx 1322- 
1326. The target 410 may be a point located inside of a calyx 1322-1326 or located inside the 
main body 1320 of the kidney. The guide platform 230 positions 1330-1342 indicate various 
directions from which a needle 442 can be inserted from the needle insertion device 126 to the 
kidney 1320. A target, such as a kidney 1320, has substantially no inherent radiopaque properties 
and is not usefully visible when attempted to be seen from the fluoroscope display 1 16. A 
radiopaque die is added to the kidney 1320 to enhance its visibility from the fluoroscope display 
1 16. Upon intersection of the fluoro axis 124 and a kidney filled with radiopaque die, the 
fluoroscope display 1 16 reveals the radiopaque image of the kidney. 

[00140] For a particular operation, the needle 442 may be required (or chosen) to contact a 
particular calyx 1322-1326 at the its outer tip or may be required (or chosen) to enter the calyx 
from a particular angle or direction. For example, the needle 442 may be required to enter the 
outer tip along the length or longitudinal axis of the calyx 1322-1326. The outer tip of the upper 
calyx 1326 of the right kidney is located at the highest elevation of any calyx of that kidney 1320 
within the patient's body. A needle insertion trajectory 414 directed towards the upper calyx 
1326 can risk contact with the eleventh rib or the right lung. 

[00141] The fluoroscope 100 can be used to identify the precise location of the right 
kidney, its upper calyx 1326, the eleventh rib, the right lung and other nearby internal structures. 
Also, the fluoroscope 1 10 can be used to aid with the determination of a needle insertion point 
and a needle insertion trajectory 414. A needle insertion trajectory 414 intersecting the tip of the 
upper calyx 1326 and circumventing the eleventh rib, the right lung and other vital internal 
structures can be determined by the medical professional 108. 

[00142] Referring to Figure 6, a target locating fluoro axis position 424, 426 is any 
position of the fluoro axis 124 that intersects a particular target 410. A target locating fluoro axis 
point is a point along the outer surface of the patient 1 10 that intersects a target locating fluoro 
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axis 424, 426. The medical professional 108 identifies the point location along the outer surface 
of the patient 1 10 that appears to intersect the target locating fluoro axis 424, 426. This location 
is identified by extrapolating the position of the target locating fluoro axis position 424 relative 
to the location of the fluoroscope emitter 102, the fluoroscope receiver 106 and the patient 110. 
[00143] Preferably, the target locating fluoro axis point (i.e., the location where the target 
locating fluoro axis intersects the outer surface of the patient) is located in proximity to the 
needle insertion point. The distance between these two point should be within a distance equal to 
the maximum needle insertion offset. If true, the previously selected approximate needle 
insertion point can be selected as the precise needle insertion point. If not true, the medical 
professional can elect to re-select a precise needle insertion point that is located with respect to 
the target locating fluoro axis point within a distance equal to the maximum needle insertion 
offset. 

[00144] Alternatively, the medical professional 1 08 may elect to re-position the fluoro axis 
124 to another target locating fluoro axis point that is located with respect to the approximate 
needle insertion point within a distance equal to the maximum needle insertion offset. In some 
circumstances, the medical professional 108 may elect to alternate between re-positioning the 
target locating fluoro axis point and reselecting the needle insertion point to effect a precise 
needle insertion trajectory 414. 

[00145] The needle guiding device 1 26 can be used to determine the precise location of 
the target locating fluoro axis point and the precise location of the needle insertion point. Both 
points lie along the outer skin surface of the patient 1 10. The location of the center point 280, as 
approximated by the location of the common point 330, and the guide points 502-520, 552-570 
of the needle guiding device 126 are visible via the fluoroscope display 1 16. The medical 
professional 108 can elect to position the needle guiding device 126 in order to align a selected 
guide point 502-520, 552-570 with a current target locating fluoro axis point. Typically, the 
current fluoro axis point corresponds with the center of the fluoroscope display 116. 
[00146] While maintaining intersection of the selected guide point 502-524, 552-570 with 
the target locating fluoro axis position 424, 426, the medical professional 108 can re-position the 
needle guiding device 126 to select a precise needle insertion point located at the vicinity of the 
center point 280. Alternatively, the medical professional 108 can elect to position the needle 
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guiding device 126 to align the vicinity of the center point 280 with a selected approximate 
needle insertion point as seen from normal eyesight. While maintaining alignment of the center 
point 280 with the selected approximate needle insertion point, the medical professional 108 can 
re-position the fluoro axis 424, 426 to intersect with a selected guide point 502-524, 552-570 as a 
target point. Regardless of which use technique is used, the resulting target locating fluoro axis 
position 424 is identified as the first target locating fluoro axis position 424. 
[00147] The target locating fluoro axis point and the needle insertion point are preferred to 
have separate locations. Each point defines a needle insertion trajectory 414 that intersects the 
target 410. Separate locations effect a separate needle insertion trajectory and a separate target 
locating fluoro axis trajectory. This use technique aids the medical professional 108 to better 
view contact between a needle 442 and the target 410 while viewing the fluoroscope display 116. 
[00148] Although the fluoro axis 124 is oriented in 3-dimensional space, the fluoroscope 
display 116 provides a two dimensional image lacking depth perception. When the needle 
insertion trajectory 414 and the target locating fluoro axis position are the same, the profile of the 
needle 442 while being inserted towards the target 410 obscures the point of contact between the 
needle 442 and the target 410. Consequently, a needle 442 can be directed towards a target 410 
with no indication from the fluoroscope display 116 that the target 410 was contacted, under shot 
or over shot by the needle 442. 

[00149] Separating the needle insertion trajectory 414 and the target locating fluoro axis 
trajectory creates a "triangulation" effect where the needle insertion trajectory 414 and the target 
locating fluoro axis trajectory intersect like sides of a triangle at a common corner point. The 
corner point is located at the target location 410 . This use technique enables the medical 
professional 108 to view the insertion of the needle 442 and its contact with the target 410 via the 
fluoroscope display 116 from an angle similar to that provided by side view perspective of the 
needle trajectory 414 and the target 410. 

[00150] Referring again to Figure 6, regardless of what use techniques are selected by the 
medical professional 108, a guide point 502-524, 552-570 is selected as a target point. Also, the 
needle guiding device 126 and the target locating fluoro axis 124 are positioned to align the 
location of the target point with the position 424 of the target locating fluoro axis 124. The 
needle guiding device 126 is also positioned to align the location of the center point 280 with the 
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location of the precise needle insertion point along the outer skin surface of the patient 1 10. 
Accordingly, the fluoroscope display 1 1 6 shows the target point and the target 4 1 0 located 
(superimposed) at the same location on the fluoroscope display 116. The location of the center 
point 280 is also visible from the fluoroscope display 116. 

[00151] The medical professional 108 rotates the position of the guide platform 230 so 
that the aiming line 240 is directed towards the selected target point. Next, the medical 
professional 108 re-positions the fluoro axis 124 to a second position that intersects both the 
target 410 and the location of the center point 280 of the needle guiding device 126. This step 
can be optionally performed with or without the use of the guide lines (for example 530-536, 
572) of the imaging grid 290. The second position of the fluoro axis 124 is a second target 
locating fluoro axis position 426. The second target locating fluoro axis position now defines the 
needle insertion trajectory 414. 

[00152] The medical professional 108 aligns the guide shaft 232 with the second target 
locating fluoro axis position 426 according to visual feedback provided by the fluoroscope 
display 1 16. When in alignment, the guide shaft 232 projects the smallest profile onto the 
fluoroscope display 116. The guide rod 236 is used to move the guide shaft 232 into alignment 
with the fluoro axis 124. The guide rod locking mechanism is used to lock the position of the 
guide shaft 232 and guide rod 236. 

[00153] Next, the medical professional 108 repositions the fluoro axis 124 back into the 
first target locating fluoro axis position to enable a triangulated view of the target 410 and the 
needle insertion trajectory 414. Finally, the medical professional 108 places a needle 442 into 
the guide shaft 232 and inserts the needle from the guide shaft 232 towards the target 410. 
Contact between the needle 442 and the target 410 is indicated by the fluoroscope display 1 16. 
[00154] Re-positioning the fluoro axis 124 between the target point and the center point 
280 can be difficult to perform. A fluoroscope arm 106 (best shown in Figures 1 A-1B) typically 
moves accurately and efficiently along one or more well defined paths of movement. These 
paths of movement define planes of movement. Re-positioning the fluoro axis 124 between the 
target point and the location of the center point 280 typically requires movement over more than 
one defined plane of movement of the fluoroscope 100. 
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[00155] Guide lines (for example 530-536, 572) of the imaging grid 290 can aid the 
medical professional 108 to reposition the fluoro axis 124 between various points, including 
guide points 502-524, 552-570 and the location of the center point 280, located on the imaging 
grid 290. Guide lines (for example 530-536, 572) form a path of inter-connected lines between 
guide points 502-524, 552-570 and the center point 280. These guide lines (for example 530- 
536, 572) inter-connect at 90, 180 or 270 degree angles. 

[00156] In use, the imaging grid 290 can be aligned with the defined planes of movement 
of the fluoroscope 100. When aligned, the medical professional 108 is able to re-position the 
fluoro axis 124 along guide lines (for example 530-536, 572) visible from the fluoroscope 
display 116. Preferably, the imaging grid 290 and the guide platform 230 are positioned parallel 
to the surface of the earth. The outer stabilizer rim 208 can be utilized to level the needle guiding 
device 126 parallel to the surface of the earth. These guide lines (for example 530-536, 572) 
show an exact path for the fluoro axis 124 to follow between two points located on the imaging 
grid 290. 

[00157] Testing of the accuracy of fluoroscope alignment can be performed using one or 
more guide lines (for example 530-536, 572). When repositioning the fluoro axis 124 between 
two guide points 502-524, 552-570 connected by a guide line (for example 530-536, 572) that is 
aligned with a defined plane of movement of the fluoroscope 100, the fluoro axis 124 should 
continuously intersect the guide line while repositioning between the two guide points. 
Movement of the fluoro axis 124 away from the intersecting the guide line (for example 530-536, 
572) that is aligned with a defined plane of movement of the fluoroscope 100 can be an 
indication of fluoroscope mis-alignment or needle guide device 126 mis-alignment. 
[00158] Referring to Figures 8A-8B, the needle guiding device 126 is positioned along the 
outer skin surface of the patient 1 10. In Figure 8 A, the needle guiding device 126 and the patient 
1 10 are seen from the viewing perspective of the medical professional 108, as illustrated in 
Figures 1 A- IB. The patient 1 10 is lying face down on the operating table 112. The needle 
guiding device 126 is positioned along the contours of the outer skin surface of the patient 1 10 in 
proximity to the right kidney 712. 

[00159] The handle 210 of the needle guiding device 126 is located towards the left hand 
side of the medical professional 108. The outer stabilizer rim 208 is locked into a position that is 
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not aligned with the position of the base plate 220. The side of the outer stabilizer rim 208 
nearest to the perspective of the viewer is contacting the skin surface of the patient 1 10. The side 
of the base plate 220 farthest from the perspective of the viewer is also contacting the skin 
surface of the patient 1 10. The outer rim 208 and the base plate 220 form two points of contact 
that provide fuller and more stable support of the needle guiding device 126 along the outer 
contours of the patient 1 10. 

[00160] The fluoroscope emitter 102 and the fluoroscope receiver 104 are attached to the 
fluoroscope arm 106. The fluoroscope arm 106 is positioned such that the fluoro axis 124 
intersects the upper calyx 410 of the right kidney 712 of the patient 110. The fluoro axis 124 is 
positioned in a substantially diagonal and downward direction along the X-Z vertical plane. 
[00161] Referring to Figure 8B, a cross sectional perspective of the patient 1 10 of Figure 
8A is shown from the viewing perspective of Figure 1 A. A cross section partitioning the upper 
and lower portions of the body of the patient 1 10, indicated by cross section delimiting line 708, 
is shown to reveal her left and right kidney 712 and her spine 706. The needle guiding device 
126 is positioned as shown in Figure 7A. The fluoro axis 124 is positioned in a substantially 
diagonal and downward direction along the Y-Z vertical plane while being simultaneously 
positioned in a substantially diagonal and downward direction along the X-Z vertical plane as 
shown in Figure 8A. 

[00162] Referring to Figures 9A-9B, the fluoro beam 122 and the fluoro axis 1 24 are re- 
positionable along both the X-Z and the Y-Z vertical planes. In Figure 9A, positioning of the 
fluoro beam 122 and the fluoro axis 124 are illustrated along the X-Z vertical plane from the 
viewing perspective of the medical professional 108, as illustrated in Figures 1 A-1B. The 
position of the fluoroscope emitter 102 and the fluoroscope receiver 104 define the position of 
the fluoro beam 122 and the fluoro axis 124. 

[00163] Multiple positions of the fluoro beam 122 and its fluoro axis 124 are shown 
within the X-Z vertical plane. The fluoro beam 122 and the fluoro axis 124 are shown to rotate 
within the X-Z vertical plane causing the fluoro beam 122 and fluoro axis 124 to tilt from a 
vertical position 802a that is parallel to the Z axis, to a substantially downward and diagonal 
position 802b, 802c. The fluoro beam positions corresponding to the fluoro axis positions 802a, 
802b, 802c all intersect within a three dimensional fluoro beam intersection space 890 
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surrounding a fluoro axis center point 880. The center point of each fluoro axis corresponding to 
the fluoro axis positions 802a, 802b, 802c intersect at the fluoro axis center point 880. The 
fluoro axis center point 880 is located at the same location as the target 410. The fluoro beam 
122, is typically about 6 inches in diameter and surrounds the fluoro axis 124. 
[00164] Positioning the target 410 within the fluoro beam intersection space 890 enables 
the fluoro beam 122 to re-position within the X-Z vertical plane while maintaining an 
intersection with the target 410. Positioning the target 410 so that it intersects the fluoro axis 
center point 880, enables the medical professional 108 to re-position the fluoro axis 124 with 
respect to both the X-Z vertical plane while maintaining the intersection between the fluoro axis 
124 and the target 410. The fluoro axis 124 is not required to intersect the needle guiding device 
ju 126 when it is being utilized and viewed via the fluoroscope display 116. The needle guiding 
J; J device 126 can be utilized and viewed via the fluoroscope display 1 1 6 while only a portion of the 
H fluoro beam 122 intersects the needle guiding device 126. 

q [00165] Referring to Figure 9B, the movement of the fluoro beam 122 and the fluoro axis 
J* 124 along the Y-Z vertical plane is shown from the viewing perspective provided by Figure 1 A. 
« Multiple positions of the fluoro beam 122 and the fluoro axis 124 are shown within the Y-Z 
jr y vertical plane. The fluoro beam 122 and the fluoro axis 124 are shown to rotate within the Y-Z 
h ' f l vertical plane causing the fluoro beam 122 and the fluoro axis 124 and to tilt from a vertical 
CI position 802a that is parallel to the Z axis, to a substantially downward and diagonal position 
802d, 802e. The center point of each fluoro axis 124 corresponding to the fluoro axis positions 
802a, 802b, 802c (best seen in Figure 9A) and fluoro axis positions 802d, 802e intersect at the 
fluoro axis center point 880. The fluoro beam positions 122 corresponding to the fluoro axis 
positions 802a, 802b and 802c (best seen in Figure 9A), and to the fluoro axis positions 802d, 
802e all intersect in the three dimensional fluoro beam intersection space 890 surrounding the 
fluoro axis center point 880. 

[00166] Positioning the target 410 within the fluoro beam intersection space 890 enables 
the fluoro beam 122 to re-position within the X-Z and the Y-Z vertical planes while maintaining 
an intersection with the target 410. Positioning the target 410 so that it intersects the fluoro axis 
center point 880, enables the medical professional 108 to re-position the fluoro axis 124 with 
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respect to both the X-Z and the Y-Z vertical planes while maintaining the intersection between 
the fluoro axis 124 and the target 410. 

[00167] Referring to Figures 10A-10E, the relative positioning of the imaging grid 290, a 
target 410, and the fluoro axis 124 is shown while utilizing the needle guiding device 126 to aim 
a needle towards the target 410. The imaging grid 290 is shown to be positioned horizontal to 
the surface off the earth and parallel to the X and Y axes 130 of the fluoroscope 100 (best seen in 
Figures 1A-1B). 

[00168] Referring to Figure 10A, the target locating fluoro axis position 922 intersects 
both the guide point 504 and the target 410. The target locating fluoro axis position 922 is 
defined by the position of the fluoroscope emitter 102 and the fluoroscope receiver 104. The 
guide point 504 has been selected as a target point to indicate the location of the target 410 and 
the target locating fluoro axis position 922, with respect to the imaging grid 290. The guide 
point 504 is also a starting point because it is the first point on the imaging grid 290 to be aligned 
with the fluoro axis 124 during the needle aiming procedure. The aiming line 240 is re-directed 
to select and/or identify the starting point while being viewed via the fluoroscope display 1 1 6. 
The fluoroscope display 116 illustrates from the viewing perspective of the target locating fluoro 
axis position 922 a graphical image of the target 410 appearing to have the same location as the 
guide point 504. 

[00169] Referring to Figure 10B, the fluoro axis 124 is re-positioned from a first target 
locating position 922 that intersects the guide point 504 to a second target locating position 924 
that intersects the guide point 518. The fluoro axis 124 is re-positioned along a line of points on 
the imaging grid 290 defined by the guide line 572. The guide line 572 connects both the guide 
point 504 and guide point 518 and is aligned with the X axis of the needle guiding device 126 
and with the X axis of the fluoroscope 100. The fluoroscope arm 106 is re-positioned about the 
Y axis of the fluoroscope 100 causing the fluoro axis 124 to move parallel to the X-Z plane of 
movement of the fluoroscope 100. Preferably, the fluoro axis 124 intersects each point along the 
guide line 572 while re-positioning from its first position 922 to its second position 924. 
[00170] The guide point 5 18 has been selected as an intermediate point during the re- 
positioning of the fluoro axis 124 between the position 922 intersecting the guide point 504 and 
the position that ultimately intersects the center point 280 (best seen in Figures 10C-10D). The 
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fluoroscope display 1 16 illustrates a graphical image of the target 410 appearing to have the same 
location as the guide point 518 from the viewing perspective of the target locating fluoro axis 
position 924. 

[00171] Referring to Figure 10C ? the fluoro axis 124 is re-positioned from a second target 
locating fluoro axis position 924 that intersects the guide point 518 to a third target locating 
position 926 that intersects the common point 330 and the center point 280. The common point 
330 and the center point 280 have the same location. In other embodiments, the common point 
and the center point have separate locations that are in close proximity to each other. The 
location of the common point 330, when viewed from the fluoroscope display 116, indicates the 
location of the center point 280. The fluoroscope display 116 shows the location of the common 
point 330 as an image of the edge of the radiopaque material 340 at the locus 341 of the guide 
shaft 232. The fluoro axis 124 is repositioned such that the fluoroscope display 116 shows an 
image of the edge of the radiopaque material of the guide shaft 232, located at the locus 341, 
superimposed on the image on the target 410. In this position, the common point 330 and the 
target 410 are aligned along the fluoro axis 124 in its current target locating position 926. 
[00172] The target locating fluoro axis position 926 intersects both the common point 330, 
the vicinity of the center point 280 and the target 410. The fluoro axis 124 is re-positioned along 
a line of points on the imaging grid 290 defined by the guide line 530. The guide line 530 
intersects the intermediate guide point 518 and extrapolates to intersect the common point 330 
and the vicinity of the center point 280. The target locating fluoro axis position 926 also defines 
the needle insertion trajectory 414. Accordingly, target locating fluoro axis position 926 is also 
the needle insertion fluoro axis position. 

[00173] The guide line 530 is aligned with the Y axis of the needle guiding device 126 and 
is aligned with the Y axis of the fluoroscope 100. The fluoroscope arm 106 is re-positioned 
about the X axis of the fluoroscope 100 causing the fluoro axis 124 to move parallel to the Y-Z 
plane of movement of the fluoroscope 100. Preferably, the fluoro axis 124 intersects each point 
along the guide line 530 while re-positioning from the second target locating fluoro axis position 
924 to the third target locating fluoro axis position 926. 

[00174] The guide point 518 is where the fluoro axis 124 transitions from movement along 
the X-Z plane to movement along the Y-Z plane. Without the aid of the guide point 5 1 8 and the 
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guide lines 572 and 530, movement of the fluoro axis may transition from a point along the X-Z 
plane that is misaligned with a plane of movement intersecting the common point 330. This 
would require additional trial and error re-positioning of the fluoro axis 124 until it intersects 
both the target 410 and the common point 330. The fluoroscope display 1 16 illustrates a 
graphical image of the target 410 appearing to have the same location as the common point 330 
from the viewing perspective of the target locating fluoro axis position 926. 
[00175] Referring to Figure 10D, if not aligned earlier in this procedure, the guide shaft 
232 is aligned along the needle insertion trajectory 914 defined by the target locating fluoro axis 
position 926 using the visual feedback from the fluoroscope display 116. Preferably, the aiming 
line 240 is aligned early in this procedure, for example, when selecting or identifying the starting 
point. Such operation reduces the likelihood that the needle guiding device 126 will move to 
become unaligned with the starting point. Moving a portion of the needle guiding device, such 
as the guide platform 230, may alter the position of the needle guiding device 126 while it is 
located along the outer skin surface of the patient 110. To align the guide shaft 232, the guide 
platform 230 is rotated so that an aiming line 240 associated with the guide platform 230 aligns 
with the guide point 504 chosen as the starting point. 

[00176] The guide shaft 232 then is repositioned, using the guide rod 236, to align the axis 
of the guide shaft 324 with the fluoro axis 124 in the second fluoro axis position 926. When 
aligned, the guide shaft 232 projects its smallest profile image in the fluoroscope display 1 16. 
The guide shaft profile image appears as a circle and appears to be superimposed on the image of 
the target 410. When the guide shaft 232 is in this alignment position, the position of the guide 
shaft 232 is locked using the guide rod 236 locking mechanism 249 (best seen in Figure 3B). 
[00177] Referring to Figure 10E, the fluoro axis 124 is re-positioned from the third target 
locating fluoro axis position 926 intersecting the common point 330 to the second target locating 
fluoro axis position 924 intersecting the guide point 518. The target locating fluoro axis position 
924 intersects both the guide point 518 and the target 410. The fluoro axis 124 is re-positioned 
along a line of points on the imaging grid 290 defined by the guide line 530. The guide line 530 
intersects the guide point 518 and extrapolates to the center point 280. 
[00178] The target locating fluoro axis position 924 provides a triangulated view of the 
needle insertion trajectory 914 and the target 410. This position 924 is also identified as a 
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triangulated viewing fluoro axis position. From the viewing perspective of the target locating 
fluoro axis position 924, the fluoroscope display 116 illustrates a graphical image of the target 
410 appearing to have the same location as the intermediate guide point 518. 
[00179] The guide shaft 232 continues to be aligned along the target locating fluoro axis 
position 926 defining a needle insertion trajectory 914 as shown in Figure 10D. From the 
perspective of the triangulated viewing fluoro axis position 924, the profile image 930b of the 
radiopaque portion of the guide shaft 232 no longer projects its smallest profile on the 
fluoroscope display 1 16. The image of the guide shaft 232 now appears to have an oblong shape 
930b with its long dimension directed towards the target 410. 

[00180] Finally, the needle 442 is inserted through the guide shaft 232 which is aligned 
with the target 410. The image of the needle 442 appears as an oblong shape in the fluoroscope 
display 116 with its long dimension directed towards the image of the target 410. If the needle 
442 is viewed while being inserted, the image of the needle 442 appears to move towards the 
image of the target 410. The medical professional 108 ceases inserting the needle 442 when he 
or she feels the target 410 and/or when he or she sees the image of the needle 442 connect with 
the image of the target 410. 

[00181] Figure 1 1 also shows that the X and Y axis planes of rotation 1022, 1024 of the 
fluoro axis 124 of the fluoroscope 100 do not need to intersect the X and Y axes 1018, 1020 of 
the needle guiding device 126. The position of the X axis 1024 of the needle guiding device 126, 
aligned with the guide lines 534-536 of the imaging grid 290, is shown offset from the X-Z 
rotation plane 1022 of the fluoroscope 106. The position of the Y axis 1020 of the needle 
guiding device 126, aligned with the guide lines 530-532 of the imaging grid 290, is shown in a 
position that is offset from the Y-Z rotation plane 1020 of the fluoroscope arm 106. The X and Y 
axes 1018-1020 of the needle guiding device 126 need only be parallel to the respective axes 
1020, 1022 of the fluoroscope 100. The needle guiding device 126 is preferred to be positioned 
as close as possible to the fluoro axis 124, the center of the fluoro beam 122, to allow for a 
maximum view of the needle guiding device 126 from the fluoroscope monitor 116, The patient 
1 10 is also preferred to be positioned with the length of the body parallel to the long dimension 
of the operating table 1 12. 
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[00182] Referring to Figure 12, a rigid adjustable stand 1010 provides stationary support 
of the needle guiding device 126. The rigid adjustable stand 1010 includes two support arms 
1026-1028, a clamp 1014 and a vertical pole 1012. The vertical pole 1012 and the two support 
arms 1026, 1028 each have a longitudinal dimension. The two support arms 1026-1028 and are 
attached to each other. The longitudinal dimension of support arm 1026 is substantially 
perpendicular to the longitudinal dimension of support arm 1028. The clamp 1014 is attached to 
the support arm 1026 and to the vertical pole 1012. The clamp 1014 is adapted to be re- 
positioned along the longitudinal axis of the vertical pole 1012. The position of the clamp 1014 
along the longitudinal axis of the vertical pole 1012 can be locked and unlocked via a clamp 
locking mechanism to temporarily prevent the movement of the clamp along the vertical pole 
1012. 

[00183] The needle guiding device 126 is mounted on the support arm 1 028. The Y axis 
1020 of the needle guiding device 126 is aligned with the Y axis 1024 of the fluoroscope 100. 
The X axis 1018 of the needle guiding device 126 is aligned with the X axis 1022 of the 
fluoroscope 100. The longitudinal axis of the support arm 1028 is substantially parallel to the X 
axis 1024 of the needle guiding device 126. 

[00184] Referring to Figures 13A-13B, the needle guiding device 126 is mounted a 
flexible stand 1034. The flexible cable 1030 within the flexible stand 1034 is tightened to stiffen 
and lock the needle guiding device 126 into a stationary position. In Figures 13A-13B, the 
longitudinal axis of the handle 210 of the needle guiding device 126 is shown substantially 
parallel to the top surface of the table 1 12. 

[00185] Referring to Figure 1 3B, a side view perspective of Figure 1 3 A is shown where 
the outer stabilizing rim 208 is set against the outer skin surface of the patient 1 10. The base 
plate 220, the guide platform 230 and the outer stabilizing rim 208 and the outer skin surface of 
the patient 1 10 are shown substantially perpendicular to the top surface of the table 1 12. 
[00186] Referring to Figures 14A-14E, the relative positioning of the aiming line 240, the 
imaging grid 290, the fluoro beam 122 and a target A are shown. The aiming line 240 is 
represented as the line BC and upper left hand quadrant (northwest quadrant) of the imaging grid 
290 is represented as the rectangle ECDB. The imaging grid 290 has four quadrants. Typically, 
only one quadrant is used during a needle aiming and guiding procedure. The lengths of various 
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geometric lines and the sizes of various geometric angles are provided and expressed as pure unit 
less numbers for comparison. These values do not to indicate the actual dimensions of the needle 
guiding device 126. 

[00187] Referring to Figure 14E, the isometric view of the aiming line BC, the upper left- 
hand quadrant of the imaging grid ECDB and the target A are shown. The target A, the upper 
left hand quadrant of the imaging grid ECDB and the aiming line BC are enclosed in a 
rectangular geometric box 1400 to illustrate their geometric relationships. The fluoroscope 
emitter 102 is shown to be positioned in a downward vertical (AP) position and is not shown to 
scale. The fluoroscope emitter 102 projects a fluoro beam 122 which encompasses the distal 
portion of the needle guiding device 126. The X and Y axis crosshairs of the imaging grid 
ECDB are represented by the lines EC and CD respectively. Line EC has a length of 2.0960. 
Line EF has a length of 4.5202. 

[00188] Referring to Figure 14A, a top perspective view of Figure 14E is shown. With 
respect to the direction of the fluoro beam 122, the guide point B is positioned to be aligned with 
the target A (best shown in Figure 14E). The aiming line BC intersects the guide point B and the 
center point C. The target A is represented as the center of a sphere 1410. When located within 
the fluoro beam 122, the northwest quadrant of the imaging grid ECDB and the aiming line BC 
are visible via the fluoroscope display 116. Line BC has a length of 2.6395 and angle BCY has a 
size of 53 degrees. 

[00189] Referring to Figure 14B, a side view perspective of Figure 1 4A is shown. The Y 
axis of the northwest quadrant of the imaging grid ECDB is represented by line CD. Line CD 
has a length 1 .6043. Line CH has a length of 4.7965. Line DH has a length 4.5202. Angle DCH 
has a size of 70 degrees. 

[00190] Referring to Figure 14C, an auxiliary view of Figure 14A is shown. The X axis of 
the imaging grid ECDB is represented by line EC. Line EC has a length of 2.0960. Line EF has 
a length of 4.5202. Line FC has a length of 4.9825. Angle ECF has a size of 65.1230 degrees. 
[00191] Referring to Figure 14D, a front view perspective of Figure 14A is shown. The 

aiming line BC has a length of 2.6395. The depth of the target A below the imaging grid is 
represented by line AB. Line AB has a length of 4.5202. The needle insertion length is 
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represented by line AC. Line AC has a length of 5.2344. The depth angle is represented by 
angle BCA. Angle BCA has a size of 60 degrees. 

[00192] Referring again to Figure 14E, the fluoroscope emitter 1 02 is positioned 
downward and vertical to the earth. A fluoro beam 122 intersects the northwest quadrant 
imaging grid ECDB 5 target point B and the target A. The Y axis of the imaging grid CD is 
aligned with line GH of the geometric box 1400. The fluoroscope emitter 102, while emitting a 
fluoro beam 122, is rotated in the clockwise direction about the Y-axis of the fluoroscope 100 
until it intersects the guide point D and the target A. Also, the line CD and the line FA are 
aligned with respect to the direction of the fluoro beam 122. The size of the rotated angle within 
the X-Z plane of movement of the fluoroscope arm 106 can be read off a fluoroscope angle 
indicator. Angle ECF is equal to 90 degrees minus the rotated fluoroscope angle. 
[00193] Angle DCH can be determined in a similar manner. In the downward vertical 
(AP) position, the fluoro beam 122 intersects the imaging grid ECDB and the guide point B. The 
guide point B and the target A are aligned with respect to the position of the fluoro beam 122. 
The X axis crosshair EC of the imaging grid is aligned with the line GF with respect to the 
direction of the fluoro beam 122. The fluoroscope emitter 102 while emitting a fluoro beam 122 
is rotated in the counter clockwise direction (out of paper direction in Figure 14E) about its X- 
axis until it intersects both the X axis crosshair EC of the imaging grid 290 and line AH. Lines 
EC and AH are aligned with respect to the position of the fluoro beam 122. The rotated angle 
within the Y-Z plane of movement of the fluoroscope arm 106 can be read off a fluoroscope 
angle indicator. 

[00194] Angle DCH is equal to 90 degrees minus the rotated fluoroscope angle within the 
Y-Z plane of movement of the fluoroscope arm 106. The rotated angle of the fluoroscope is 
equal to angle GCH. Depth CG can be determined by depth CG = (CD)*( cot Z GCH). The 
depth or length of the trajectory of the target A can be useful when mapping the calyx or stones 
of the kidney to determine what length needle to use or if the needle will reach the intended 
target A. Rotating the aiming line BC of the guide platform 230 to intersect the guide point B 
sets the direction of the guide shaft 232 towards the guide point B. The depth angle 416 remains 
to be determined to define a needle insertion trajectory to the target A. 
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[00195] Referring again to Figure 14E, the fluoro beam 122 is aligned to a needle insertion 
trajectory AC intersecting the target A. The fluoro beam 122 is repositioned from a first position 
aligned with the line CG representing the downward vertical fluoro beam direction to a second 
position aligned with the line AC. The line AC represents a needle insertion trajectory AC. To 
reposition the fluoro beam 122, the fluoro beam 122 is rotated in the X-Z plane about the Y-axis 
and rotated in the Y-Z plane about the X-axis. The fluoroscope emitter 102 is first positioned to 
intersect both the Y axis crosshair CD of the northwest quadrant of the imaging grid ECBD and 
the target A. Next, the fluoroscope emitter 102 is positioned to intersect both the X axis 
crosshair EC and the target A. 

[00196] Referring to Figures 15A-15J, the relative positioning of the needle guiding 
device 126, the fluoro axis 122 and the target A are illustrated while performing steps to align a 
needle 442 towards a target A. In both Figure 15A and Figure 15B the fluoroscope arm 106 is in 
the downward vertical (AP) position. The fluoro beam 122 intersects the imaging grid 290, 
guide point B, the center point and common point C and the target A. With respect to the 
direction of the fluoro beam 122, the imaging grid axis CD intersects length GH of the geometric 
box 1500. The fluoroscope emitter 102 while generating a fluoro beam 122 is rotated in the 
clockwise direction about its Y-axis until the point D of the crosshair intersects the center of 
target A as seen in Figure 15C. 

[00197] The rotated fluoro beam position is identified as position 2 as shown in Figure 
15D. Note the length and direction line CF equals the length and direction of line DA. If point 
D does not align with the target A in position 1 as guide point B aligns with the target A in 
position 2, then the axes of the imaging grid 290 and of the fluoroscope 100 are misaligned. In 
position 2, fluoro beam 122 is now positioned in line with the plane AFCD. The trajectory AC 
lies along or on plane AFCD. 

[00198] The fluoroscope arm 106 located in position 2 is rotated in the counter clockwise 
direction (out of the paper) about the X-axis in Figure 15D until the axis CE of the imaging grid 
intersects the center of target A in Figure 15E. The target in this case is directly seen to be in line 
with the smaller circle of the grid 290. Figure 15F shows the isometric view of Figure 15E with 
the axis of the fluoroscope arm 106 in line with AC. To align the guide shaft 232 in line between 
the fluoroscope head 102 and the target. The guide shaft 232 is rotated about the pivot cylinder 
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234 by the guide rod 236 to prevent the hand of the medical professional from contacting the 
fluoro beam 122. The guide shaft 232 is rotated until the guide shaft passageway 320 is aimed 
directly at the target A and seen as such in the fluoro image in Figure 1 5G. The guide rod 236 is 
locked into this location. 

[00199] Before inserting the needle, the fluoroscope arm 106 is rotated back to position 2 
as shown in Figure 15 J* The needle is inserted slowly and can be viewed via the fluoroscope 
display 116. From the fluoroscope display 1 16, the needle appears to travel along the Y-axis of 
the grid 290 as shown in Figure 15L Actually, the needle travels along trajectory AC as shown in 
Figure 15 J. Variation from the appearance of the needle traveling along the Y-axis could 
indicate an incorrect needle insertion trajectory. Insertion of the needle is terminated when it is 
seen to have contacted point D which is perpendicular (normal) to the guide line connecting 
guide point B and D. 

[00200] Referring to Figures 16A-16E, the relative positioning of the needle guiding 
device 126, the fluoro axis 122 and the target A is shown while performing steps to align a 
needle towards a target. The procedure starts with the selection of a guide point as a starting 
point along the Y axis of the device 126. 

[00201] Referring to Figure 16A, other guide points such as M, L, K, P, Q, R and N are 
shown. Use of guide point M or guide point B requires a 2 plane alignment procedure that will 
use guide point D for alignment with the Y-axis. Start point M may be used to access the lower 
pole 1322 as shown in Figure 5. Guide point N is created by the intersection of the aiming line 
240 with the guide line 1610 of the imaging grid 290. Intersecting the aiming line 240 with 
guide point N defines the same direction along the imaging grid 290 as when intersecting guide 
point M, but will have a larger associated depth angle than guide point M. 
[00202] Use of guide point N as a target point will require use of guide point R for 
alignment with the Y-axis. Alignment of the fluoro axis 124 with guide point R can be used as a 
needle insertion viewing fluoro axis position. Start point P is similar to point B for the left 
handed physicians who would hold the device handle 210 with their right hand and insert the 
access needle with their left hand. 

[00203] Guide points R, D, K are located on the Y-axis of the grid 290 and could be used 
as target point to access the mid calyx 1324 of the right kidney 1320 as shown in Figure 5. The 
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aiming line 240 is rotated about the rotation axis 228 from a position intersecting point M to a 
position intersecting point K to align the guide shaft 232 in the direction of guide point D. 
[00204 J Referring to Figure 16E, the aiming line 240 is directed at point K, start points K, 
D and R are in the direction of the guide shaft 232 where point Q is proximal to the direction of 
the guide shaft 232. Use of the guide point R as a target point requires a larger depth angle than 
use of guide point D. Use of guide point D would be have a larger depth angle than use of guide 
point K, Guide point D is chosen as target point and aligned with the target H in the while the 
fluoro axis 124 is in the downward vertical (AP) position. 

[00205] Referring to Figure 16B, the isometric view of Figure 16E is shown. The required 
needle insertion trajectory is represented by the length of the line CH. Line CH extends from the 
center point C to the target H, which lies on plane CDHG. The Y-axis of the imaging grid 290, 
guide point D, the Y-Z plane of fluoroscope arm 106 movement and the fluoro axis 124 all lie in 
the same plane CDGH. To align the fluoro axis 124 to the trajectory CH, the fluoro axis 124 is 
rotated in the Y-Z plane about the X-axis of the fluoroscope 100 until the guide crosshair CE 
intersects AH or target H of the geometric box 1600 target as shown in Figure 16C. The aligned 
guide shaft 232 in Figure 1 6E shows that it is already in the same plane as the target H, but not 
necessarily aimed directly at target H. 

[00206] The guide shaft 232 is positioned via the guide rod 236 until the radiopaque 
portion 340 of the guide shaft 232 is seen as its smallest profile (circle) intersecting the target H 
from the fluoro axis 124 position as seen in Figure 16D. The guide shaft 232 is locked into a 
position by locking the position of the guide rod 236 by turning it along its longitudinal axis in 
the clockwise direction (best seen in Figure 3B). The needle insertion trajectory is confirmed by 
viewing the guide shaft 232 represented by its smallest profile as a circle, directed toward the 
target H via the fluoroscope display 1 16. The fluoro axis 124 is re-positioned to the downward 
vertical (AP) position to view the needle advancing towards and entering the target calyx H, 
similar to that shown in Figure 1 51. 

[00207] A guide point is selected as target point regardless of whether a two plane access 
procedure (best seen in Figure 15B to Figure 15 J) or a single plane access procedure (best seen in 
Figure 16B to Figure 16D) is used. The guide point will be chosen on the half of the imaging 
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grid 290 that is located closer to the spine of the patient 110 (best seen in Figure 5). The guide 
shaft 232 is directed towards that half of the imaging grid 290 towards a calyx as a target. 
[00208] Referring to Figure 16 A, when using two plane access to a kidney as a target, a 
guide point such as B, L, or M is selected and aligned with the target while the fluoro axis 124 is 
in a downward vertical (AP) position. This is the first fluoro axis position. The fluoro axis 124 
is rotated from the first fluoro axis position toward the Y-axis until the fluoro axis 124 intersects 
both the Y axis of the imaging grid 290 and the target. If guide point M is selected as the target 
point, then the fluoro axis 124 is rotated counter clockwise towards point D from point M, until it 
intersects point D and the target. If guide point B is selected as the target point, then the fluoro 
axis 124 is rotated clockwise towards point D from point B until the fluoro axis 124 intersects 
point D and the target. This is the second fluoro axis position. 

[00209] From its second position, the fluoro axis 124 is rotated towards the center C and 
the medical professional 108 until the fluoro axis 124 intersects the X axis of the imaging grid 
290 and the target H. This is the third fluoro axis position. The direction of the fluoro axis 
rotation between the second and third fluoro axis position is 90 degrees apart from the direction 
of fluoro axis rotation between the first and the second fluoro axis position. The fluoro axis 124 
is now aligned with the needle insertion trajectory. Next, the position of the guide shaft 232 is 
aligned to the third position of the fluoro axis 124 and locked. Next, the fluoro axis is rotated 
back to the second fluoro axis position to serve as the needle insertion viewing fluoro axis 
position. 

[00210] Still referring to Figure 16A, one of the guide points K, D or R can be selected for 
single plane access of the kidney as a target. A guide point is selected aligned with the target H 
while the fluoro axis 124 is in the downward vertical (AP) position. This is the first fluoro axis 
position of the single plane procedure. The fluoro axis 124 is rotated towards the center C until 
the fluoro axis 124 intersects the X axis of the imaging grid 290 and the target H. The fluoro 
axis 124 is now in line with the needle insertion trajectory. This is the second fluoro axis 
position of the single plane procedure. Next, the guide shaft 232 is then aligned to the fluoro axis 
124. The fluoro axis 124 is rotated back to the first fluoro axis position of the single plane 
procedure to serve as the needle insertion viewing fluoro axis. 
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[00211] The invention can be used as a training device and method for those who are less 
skilled than those skilled in the art of guiding a probe 442 towards a target 410. The invention 
can also be used to reduce a three dimensional problem of verifying contact between a probe and 
a target into a simplified two dimensional problem using the fluoroscope display 116. The 
invention can also be utilized to teach a triangulation viewing technique for verifying the 
movement of a probe 442 as it moves along a trajectory 414 towards a target 410. The invention 
can assist the medical professional 108 by providing a step by step approach for guiding a probe 
442 to a target. The invention also assists the medical professional 108 by reducing the number 
of probe insertions and the amount of trial and error effort required to make contact between the 
probe 442 and a target 410. 

[00212] While the invention has been shown and described with reference to certain 
embodiments, it should be understood that various changes in form and detail may be made 
without departing from the spirit and scope of the invention. 
[00213] What is claimed is: 
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